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"INTRODUCTION 
Farmers in the United States are experiencing a serious 
income problem.' The average income of nonfarm families has 
° 
risen.steadily since 19^7 (Table l). Average farm family 
income (all farms) also increased from 19^7 to 1952. Since 
1952 farm family income has declined slightly while nonfarm 
family income has continued its growth. The low level of 
farm income relative to nonfarm income has made*"5the farmer's 
lack of growth even more serious. In 1948, a relatively 
prosperous year for farmers, average nonfarm family income 
exceeded average farm family income by 25 per cent. By 1957 
nonfarm family income was 83 per cent larger than farm in­
comes. 
The distribution of families by size of family income 
also indicates the' difference between farm and nonfarm family 
income. In 1957, 64 per cent of the farm families in the 
United States had incomes of $3,999 or less (17). Only 23 
per cent of the nonfarm families had incomes of $3,999 or 
less in 1957. In the same year 90 and 68 per cent of the 
farm and nonfarm families, respectively, had incomes of 
$7,499 or less. These average farm family incomes represent 
farm operator family incomes for all farms in the United 
States. 
To provide additional information regarding the relative 
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Table 1. Average, family personal income before taxes for 
nonfarm families and for farm operator families on 
low-production, high-production and all farms, 
1947-57% 
Farm operator families0 
« Low- • High-
Nonfarm , production • production 
Year families All farms farms farms 
1947 - $4,775 $3,583 ; $2,395 $5,716 
1948 5,070 4,052 2,600 6,565 
1949 4,825 3,250 2,231 4,990 
aFrom (17, 41). 
^Family personal income represents current income re­
ceived by families from all sources including wage and salary 
receipts (net of social insurance contributions), other labor 
income, proprietors' and rental income, dividends, personal 
interest income and transfer payments. In addition to mone­
tary income flows, family personal income includes certain 
nonmoney items such as wages in kind, the value of food and 
fuel produced and consumed on farms, the net imputed rental 
value of owner-occupied homes, and imputed interest (17). 
cPlaces of 3 or more acres are counted as farms if thé 
annual value of agricultural products, exclusive of home-
garden. products, amounted to $150 or more. The agricultural 
products could have been either for home use or sale. Places 
of less than 3 acres were counted as farms only if the annual 
value of sales of agricultural products, amounted to $150 or 
more (86). Low-production farms include residential farms, 
part-time farms and commercial farms with sales of less than 
$2,500. Residential farms are those having farm sales of 
less than $250 to $1,199 whose operators work at a nonfarm 
job 100 or more days per year or report a family nonfarm in­
come greater than farm sales. Commercial farms are defined 
as (a) farms with sales of $1,200 or more plus (b) farms 
with sales of $25O to $1,199 provided the farm operator was 
not employed at an off-farm job as much as 100 days during 
the year and provided the gross income from farm sales ex­
ceeded other income of the farm family (47). High-production 
farms are commercial farms with annual sales of $2,500 or 
more. 
Table 1. (Continued) 
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Farm operator families0 
Low- High-
Nonfarm , 1 production - production 
Year families All farms farms farms 
1950 $5,232 $3,498 $2,370 $5,406 
1951 5,721 4,114 2,714 6,370 
1952 6,013 4,147 2,816 6,189 
1953 6,360 -- - . 3,905 2,706 5,655 
1954 6,297 3,881 2,691 5,528 
1955 ^ 6,550 3,917 2,806 5,417 
1956a 6,900 4,015 2,925 5,415 
1957^ 7,305 4,024 
^Not available for low-production and high-production 
farms in 1957. 
income position of farmers, Koffsky and Grove (4l) have 
divided farms in the United States into two groups, low-
production farms and high-production farms.1 Although 56 
per cent of all farms were low-production farms in 1954, 
these farms produced only 9.2 per cent of all farm sales 
(47). High-production farms, representing only 44 per cent 
of all farms, produced 90.8 per cent of all farm sales in 
1954. Koffsky and Grove's (4l) estimates of average farm 
See Table 1 for definitions of low-production and 
high-production farms. 
4 
family operator income for low-production and high-production 
farms are presented in Table 1. 
Average family income on high-production farms exceeded 
average nonfarm family income from 194? to 1952. In 1948 
family income on high-production farms was 29 per cent larger 
than nonfarm family income. Since 1952 the relative income 
position of high-production farm families and nonfarm 
families has been reversed. Thus, in 1956 nonfarm family 
income was 29 per cent larger than family income on high-
production farms. Both nonfarm income and income on high-
production farms have exceeded average family income on low-
production farms from 1947 to 1956. Average nonfarm family 
income was 136 per cent larger than average family income 
for low-production farms in 1956. 
Comparisons of farm and nonfarm family income do not 
consider differences in the size of farm and nonfarm fami­
lies. In addition, the incomes of unattached individuals 
are not considered in family income comparisons. The 
average size of all families in the United States was 3.65 
persons in 1957. Rural-farm families had an average size of 
four persons (79). Approximately 9.8 million persons living 
in the United States in 1957 were classified as unattached 
Unattached individuals are persons other than institu­
tional inmates who are not living with any relatives (17). 
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individuals. Unattached individuals generally have rela­
tively low personal incomes, and they-may not be distributed 
between the farm and nonfarm populations in proportion to 
the size of the two populations (17). Per capita income 
comparisons avoid both of the weaknesses in family income 
comparisons cited above. 
The per capita income data in Table 2 also indicate 
that farm income is low relative to nonfarm income. Since 
reaching its peak in 1951, the per capita income of the farm 
population has declined slightly. In contrast the per cap­
ita income of the nonfarm population has exhibited a steady 
'growth since 1938. The per capita income data also reveal a 
wide difference in the levels of income for the farm and 
nonfarm population. In 1957, the per capita income of the 
nonfarm population was 115 per cent larger than the per 
capita income of the farm population. 
The differences in per capita real income of the farm 
and nonfarm population may not be as large as the differ­
ences in per capita money income. There may be some differ­
ences in the purchasing power of farm and nonfarm incomes 
and in the impact of income tax upon farm and nonfarm in­
comes (37). The farm and nonfarm populations also differ in 
certain characteristics (age, race and sex composition, 
educational level, etc.) which affect per capita income. 
Differences in purchasing power, impact of income taxes, and 
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Table 2. Per capita incomea from all sources for the farm 
and nonfarm population, United States, 1938-57b 
Year Farm Nonfarm 
1938 $239 $ 589 
1939 ' . 249 626 
1940 262 685 
1941 349 823 
1942 509 1,034 
1943 654 1,240 
1944 696 1,328 
1945 720 1,312 
1946 806 1,295 
1947 825 1,394 
1948 962 1,534 
1949 767 - 1,511 
1950 838 1,585 
1951 985 1,763 
1952 962 1,849 
1953 931 1,902 
1954 925 1,849 
1955 894 1,975 
1956 903 2,056 
1957 967 • 2,082 
aBefore income taxes. 
bFrom (79). 
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population characteristics explain some, but not all, of the 
large differences between the per capita income of the farm 
t 
and nonfarm population. 
Specific Problem 
The data presented above indicate that farmers generally 
receive lower incomes than nonfarmers. -, Johnson (-36) has 
shown that incomes of farm migrants to urban areas are only 
10 per cent smaller than incomes of urban nonmlgrants of the 
same age and sex. Thus, many farmers can increase their in­
comes by shifting to nonfarm occupations whenever nonfarm 
employment is available. In addition, individual farmers 
can often increase their income by allocating their re­
sources more efficiently within their farm. If these oppor­
tunities for increasing income exist, why do farmers con­
tinue to accept relatively low incomes? 
In this study the assumption is made that farmers are 
rational. That is, given his information and environmental 
constrainst, a farmer allocates his resources in a manner 
which maximizes his total satisfaction or utility (26). 
Given this assumption, three explanations for a farmer's 
acceptance of low income can be offered. First, a farmer 
may know how to increase his income, but he may prefer to 
accept a lower income. For such a farmer the sacrifice re­
quired to increase his income is greater than the gain from 
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the increase in income. One cannot consider this situation 
and the resulting low income as a problem. 
Second, the farmer may wish to increase his income, but 
he lacks information regarding alternative resource alloca­
tion plans which allow him to increase his income. For ex­
ample, a farmer may not be aware that other occupations with 
higher incomes are available to him, or he may not be aware 
that a more efficient and more profitable resource alloca­
tion scheme exists for his farm. Third, the farmer may know 
how to increase his income and may prefer to do so, but 
certain environmental constraints prevent him from attaining 
this increase in income. This study is confined to the 
problem of providing information to farm people who wish to 
increase their income but lack information regarding alter­
natives. 
Information needed 
What general types of information are needed by farm 
people who wish to increase their income? Many members of 
the farm population have limited information regarding the 
resources they control. Such individuals need estimates of 
the quantity and quality of resources which they possess. 
Farm people also need to know the alternative occupations 
which exist and the resources required in each occupation. 
The resource required in each occupation can be allocated in 
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•several alternative ways. Hence, estimates of the income 
associated with each resource'allocation scheme are needed. 
Since decisions to allocate resources are also affected by 
nonmonetary considerations and the purchasing power of the 
income earned, information regarding both of these items is 
needed. Finally all the types of information listed above 
are needed for both present and future time periods. 
Farm people who wish to increase their income need the 
; : c 
information discussed above for as many occupations and lo­
cations as possible. With limited research funds and time, 
it is not possible to provide all the desired information 
for all occupations and locations. Hence, this study is 
limited to providing some information about one occupation 
in a specific location - full-time farming in South Central 
Iowa. South Central Iowa was selected as the study area 
because its income and resource adjustment problems are the 
most severe in the state. 
Research goals 
This study attempts to provide the following informa­
tion regarding full-time farming in South Central Iowa : 
1. The hypothesis is often advanced that per unit crop 
production costs decline when a farmer increases his acreage 
and uses larger machines. Hence, given product prices, the 
farmer can increase his income by farming a larger acreage 
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with a large machine. This study attempts to determine the• 
effect of larger acreages and machines upon per unit crop 
production costs. 
2. Farmers attempting to achieve a- specific income 
goal can utilize many alternative resource and product com­
binations- and varying firm sizes. Not all of these resource 
and product combinations are equally efficient. Hence, this 
study attempts to determine an efficient combination of re­
sources and products and the minimum size farm necessary to 
achieve specific income goals. 
3. Adjustments in resource use by individual farmers 
can affect the composition and quantity of total output and 
input, the number of farms, the number of farming opportuni­
ties and the size of the farm population in an area. There­
fore, this study attempts to determine the effect of adjust­
ments by individual farmers upon the agricultural structure 
of the study area. 
Objectives 
The general objective of this study is to examine and 
analyze income opportunities from full-time farming alterna­
tives for specific farm situations in South Central Iowa. 
The specific objectives of the study are : 
1. To determine the effect of farm size upon per unit 
crop production costs for selected machinery combinations 
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and specific farm situations. - Farmers can use this informa­
tion to estimate the adjustment in resource allocation re­
quired to obtain the cost economies which are available. 
2. To determine the enterprises and the least-cost 
quantity of resources necessary in specific farm situations 
for a farmer whose goal is one of the following: to attain 
a specific income, to achieve competitive resource returns, 
to maximize net revenue or returns to owned resources. 
Relative to these possible ends, the farmer is assumed to 
possess a specific efficiency level, to face a specified 
level of prices, and to control a given quantity of labor 
and a specific machinery combination. Given these assump­
tions additional objectives are: 
a. To determine the effect of changes in the 
efficiency level assumed. 
b. To determine the effect of changes in the 
price level assumed. 
c. To determine the effect of changes in the 
quantity of labor assumed. 
This information will be useful to farm people who are 
choosing among alternative occupations. Farmers can also 
use this information to guide their long-run plans for 
adjustments in the allocation of their resources. 
3. To compare the empirical results of this study with 
the agricultural structure of the study area. The results 
12 
obtained for the first two objectives will suggest resource 
adjustments which are profitable or desirable for individual 
farmers. Adjustments by individual farmers can affect the 
agricultural structure of an area, that is, change the com­
position and size of total output and total input, the num­
ber of farms,- etc. Information regarding possible changes 
in the study area's agricultural structure will be useful to 
farmers in the study area, to individuals considering 
farming in the study area, to persons selling inputs to and 
purchasing products from farmers in- the study area and to 
policy makers and planners. 
13 
• THE STUDY AREA 
South Central Iowa was chosen as the study area because 
its agricultural adjustment problems are similar to the 
agricultural adjustment problems faced in other areas in 
Iowa.1 However, the adjustment problems of South Central 
Iowa are more severe than in the remainder of Iowa. Net 
farm income per capita in South Central Iowa is the lowest 
in the state (Table 3). In 1954 the nine counties which 
comprise the study area were included in the ten counties 
having the lowest net farm income per farm. 
The relatively low value of agricultural products sold 
per farm in South Central Iowa is further evidence of the 
area's farm income problem. About 85 per cent of all the 
farms in Iowa had agricultural product sales of $2,500 or 
more per year in 1959 (Table 4). Only 70.5 per cent of the 
farms in South Central Iowa had annual agricultural product 
sales of $2,500 or more in the same year. Relatively few 
farms in the study area have a large sales volume. In 1959, 
44.6 and 17.1 per cent of the farms in Iowa had annual agri­
cultural product sales of $10,000 or more and $20,000 or 
more, respectively. Only 19.2 and 3.5 per cent of. the farms 
1In this study South Central Iowa consists of 
Appanoose, Clarke, Davis, Decatur, Lucas, Monroe, Ringgold, 
Union and Wayne counties. 
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Table 3.* Estimated net farm income per farm and per capita 
for selected Iowa counties, 1949 and 195 4a 
Counties 
Net farm income per 
farm 
Net farm income per 
capita. 
1949 1954 1949 1954 
Clarke $2,645 $1,463 $ 840 $ 473 
Decatur 2,146 1,563 666 526 
Lucas 2,541 1,700 777 540 
Monroe 1,854 1,606 587 516 
Ringgold 2,537 2,169 805 700 
Union 2,379 1,735 762 584 
Appanoose 1,809 1,363 611 427 
Davis 1,766 2,108 575 657 
Wayne 2,379 1,769 755 582 
State average 4,266 4,085 1,129 1,084 
aFrom (30, 74). 
in the study area had agricultural product sales of $10,000 
or more and $20,000 or more, respectively, in 1959. 
Farm reorganization has proceeded more rapidly in South 
Central Iowa than in other areas of the state. From 1928 to 
1957 the average acreage per farm in the study area in­
creased 28 per cent (Table 5). During the same period the 
average acreage per farm in Iowa increased only 14 per cent. 
Farm population in the study area declined rapidly as farm 
size increased. From 1948 to 1957 the number of people on 
farms in the study area decreased 14.5 per cent (30). The 
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Table 4. Percentage distribution 
and South Central Iowa, 
of farms by class 
1959a. 
for Iowa 
Class 
Annual sales of 
agricultural products 
South Central 
Iowa Iowa 
I $40,000 or more 1.0 4.7 
II 20,000 to 39,999 3.5 ' 12.4 
III 10,000 to 19,999 14.7 27.5 
IV 5,000 to 9,999 27.8 27.1 
V 2,500 to 4,999 23.5 13.5 
VI 50 to 2,499 7.4 3.2 
VII Part-time13 ' 11.8 6.7 
VIII Part-retirement0 10.3 
100.0 
4.9 
100.0 
A farm is defined as a place (a) of 10 acres or more 
if the estimated annual sale of agricultural products was 
$50 or more or (b) of less than 10 acres if the estimated 
annual sale of agricultural products was $250 or more ( 8 7 ) .  
^Operator under 65 years of age, and working off farm 
100 or more days or with income from other sources greater 
than annual sales of agricultural products, and annual sales 
of agricultural products $50 to $2,499-
^Operator 65 years old or over and annual sales of 
agricultural products $50 to $2,499. 
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Table 5. Average acreage per farm in Iowa and South Central 
Iowa for selected years3-
South Central 
Year Iowa Iowa 
1928 162 162 
1938 164 167 
1948 172 183 
1957 184 208 
aFrom (30). 
value of land and capital inputs per farm worker in South 
Central Iowa has increased substantially as. farm employment 
has declined (74). However, labor inputs formed a larger 
proportion of total inputs in the study area than in other 
areas within the state in both 1949 and 1954 (l, 6 3 ) .  
Despite the farm reorganization which has already 
occurred in South Central Iowa, the relatively low income, 
the small sales per farm and the existing input combination 
indicate that further adjustments are needed to improve farm 
income. The adjustment problems are more difficult since 
there are relatively few nonfarm employment opportunities in 
the study area (5). As suggested previously, the agricul­
ture adjustment problems in South Central Iowa are not 
unique, but they are more severe than in other areas in 
Iowa. 
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Soil Association Areas 
This study is limited .to two.major soil association 
areas in South Central Iowa, the Shelby-Grundy-Haig soil 
association area and the Shelby-Seymour-Edina soil associa­
tion area (65). The first soil association area covers most 
of Ringgold and Clarke counties and portions of Union, 
Decatur, Lucas and Monroe counties. The second soil asso­
ciation area includes most of Wayne and Appanoose counties 
and part of Davis County. 
The physiography of the Shelby-Grundy-Haig and Shelby-
Seymour-Edina soil association areas are quite similar. The 
surface of both soil association areas was originally a 
broad level plain, but time and nature have caused many 
modifications and changes. In each soil association area 
there are now three rather distinct topographic divisions: 
(a) level to undulating upland, (b) irregular areas of 
rolling to hilly land along streams and drainage ways and 
(c) narrow strips of level bottomland bordering the streams 
(65). Although the second topographic division is the 
largest, a combination of all three topographic divisions, 
in varying proportions, is found on almost every farm. 
The heterogeneous topography in each soil association 
area makes the analysis of full-time farming alternatives in 
the study area more difficult. The organization of a farm, 
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especially the cropping plan, is affected by the topography 
of the soil mixture which is available. It is impossible to 
analyze the full-time farming alternatives for all the 
topography-soil mixture combinations in the study area. 
Consequently, three specific soil mixtures in each soil 
association area are considered in this study. 
Soil Mixtures 
The selection procedure and the six soil mixtures 
selected are described in Appendix A. In future discus­
sions, the three soil mixtures selected in each soil asso­
ciation area will be referred to as (a) the hilly mixture or 
hilly farm, (b) the average mixture or average farm and (c) 
the upland mixture or upland farm. As its name indicates, 
the h,illy farm consists primarily of rolling to hilly upland 
with • smaller ...amounts of bottomland and level to undulating 
upland. The upland farm is composed predominately of level 
to undulating upland with lesser amounts of bottomland and 
rolling to hilly land. Finally, the average farm consists 
largely of rolling upland with smaller amounts of hilly and 
level upland. The land use constraints assumed for each 
farm and the crop rotations considered for each farm are 
presented in Appendix A. 
Having selected six specific farms or soils mixtures, 
the next step is to consider the method of analysis employed 
19 
in this study. The following chapter is devoted to a' dis­
cussion of the economic models used, the assumptions made in 
the models and the relation of the models to the study's 
objectives. 
-20 
METHOD OF ANALYSIS 
This chapter is concerned with the economic models used 
to achieve the objectives of the study. The first objective 
of the study is concerned with cost economies of crop pro­
duction for different machinery sizes and acreages. Budg­
eting models or procedures are developed to provide esti­
mates of short-run average cost curves for each machinery 
size. Long-run average cost curves or envelope curves are 
also derived. The second objective of the study deals with 
a multiproduct firm having a specific goal. Linear program­
ming models which estimate the enterprises and quantities of 
resources necessary to achieve the firm's goal are developed 
in this chapter. 
The third objective of the study is concerned with the 
agricultural structure of the study area. The empirical 
results from the linear programming models are applied to 
the study area. The agricultural structure generated from 
the application of the empirical results is compared with 
the study area's present agriculture structure. 
The plan in the remainder of this chapter is (a) to 
discuss briefly previous work which relates to the method of 
analysis used in this study, (b) to construct and describe 
specific models and (c) to consider the limitations of the 
specific models. The data used in these models are 
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presented in Chapter iV. 
Budgeting Models 
Two general approaches have been used to estimate cost 
functions in previous work. The first approach .has been to 
derive statistical cost functions from time series data. 
These statistical studies have generally attempted to esti­
mate short-run total cost and have usually shown constant or 
decreasing average and marginal cost. Thus, the results 
from these empirical studies seem to refute the form of the 
short-run cost function postulated by economic theorists. 
Several explanations have been offered for this contra­
diction of theory by empirical cost studies. The range of 
the data obtained may be too small. Hence, the firms ob­
served may never operate in the area of increasing or de­
creasing marginal costs. Tintner (73) also suggests that 
the empirical cost curves are for firms operating in a 
dynamic environment while the theoretical cost curves are 
static. Firms operating in a dynamic economy may plan for 
flexible organization. Such firms may be able to produce a 
wide range of output with relatively constant costs, and in­
creasing marginal costs will be observed only if output is 
very large or very small. Staehle (67) indicates that 
statistical cost studies are plagued by measurement problems 
and the failure to eliminate the effects of changes in 
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technology and/or changes in the size of the firm. 
It seems unlikely that the problems discussed above 
would be avoided by using cross-section rather than time 
series data. The range in the data would again be too 
small. For example, it is unlikely that"farmers would use 
large machines on small acreages. Tintner and others have 
suggested that, given factor prices, cost functions could be 
derived from production functions. . Even if there were no ' 
estimation problems, which there are, the small range in 
data would also limit the usefulness of the production func­
tion approach. 
The second general approach used in the estimation of 
cost functions has been to derive cost curves by budgeting. 
In the budgeting procedure, data from agronomists, animal 
husbandrymen, engineers, economists and others are used to 
estimate input-output relationships and prices. Total pro­
duction, total revenue and total cost are derived for 
various levels of operation for a series of fixed plants. 
The estimates of total cost and total revenue are used "to. 
derive both short-run and long-run cost curves. 
Numerous problems occur in the budgeting approach. 
Dressier (7) suggests that increasing variable costs may be 
overlooked. In addition, it is difficult to include all 
cost items in the budgets, and actual costs may be higher 
than the costs estimated in the budget. Heady (21) cites 
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the most important problem involved in budgeting. Cost 
curves obtained.by budgeting are based upon estimates of the 
production function. Hence, the accuracy of the budget 
estimates depends upon the accuracy of production function 
estimate's. 
Although the budgeting approach has been used in many 
studies, only three of these studies are discussed here. In 
a study of cost relationships on cash grain farms in Iowa, 
Gibbens (l6) derived estimates of total and average crop 
production costs per acre. Gibbens recognized, but did not 
consider, the problem of untimeliness in crop production 
operations. Hence, his study provided an estimate of the 
relationship between total cost and acreage but did not 
provide an estimate of the relationship between total 
revenue and acreage. With fixed machinery inputs one can­
not assume that total revenue is a linear function of acre­
age. Thus Gibbens' omission seems rather serious. 
McKee (48) advanced the work of Gibbens by deriving 
total and average crop production cost per $100 crop prod­
uct. McKee.established optimum or no loss periods and yield 
loss functions for oats and corn planting and hay harvesting. 
Krenz (43) in a study of machinery costs for ^northeastern 
and western Iowa also estimated cost per dollar of crop 
product. However, Krenz established no-loss periods and 
yield-loss functions for all planting, cultivating and 
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harvesting operations. The budgeting procedures used in 
this study are similar to the budgeting procedures used by 
Krenz. 
Two budgeting models are considered in this study. 
These models are applied only to the farms in the Shelby-
Orundy-Haig soil area. Preliminary calculations indicate 
that application of the budgeting models to the three farms 
in the Shelby-Seymour-Edina soil area would produce rela­
tively little change in the results obtained for the Shelby-
Grundy-Haig farm. 
Model I 
In this model, budgets are constructed for a series of 
land-labor-machinery combinations. Several simplifying 
assumptions are made in the construction of the budgets. 
The assumptions are: 
1. The farm operator can acquire control over only one 
soil mixture at a given time. 
2. One specific, crop rotation is considered for each 
farm. This crop rotation is the most intensive crop plan 
recommended under existing soil conservation standards. In 
addition only one level of fertilizer use is considered. 
3. The farm operator possesses a high level of effi­
ciency. The input-output coefficients used are numerical 
expressions of the efficiency level assumed. 
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4. The farm operator pays current market prices for 
all inputs not produced on the farm. The farmer can sell 
corn for $1.00 per bushel. Long-run average price relation­
ships between corn, other farm products, and farm produced 
inputs are used to adjust the prices of other farm products 
and farm produced inputs to a $1.00 corn price level. 
5. The ratio of tractor operators to tractors is 
fixed, i.e., one man to one tractor and two men to two trac­
tors. However, seasonal summer labor is available for 
haying operations. 
6. A specific annual distribution of hours available 
and suitable for crop field work exists for the study area. 
A mean annual distribution of time available for field 
operations in the study area was derived from the time dis-
tribution used by McKee in his study of crop production 
costs (48). McKee's time distribution, which was based on" 
daily work records kept by the manager of the Agronomy Farm 
at Ames, Iowa, for 19 years, was adjusted for climatic dif­
ferences between Ames and the study area (Table 116). 
7. As the ratio of land to labor and machinery in­
creases, the total hours required to perform a given field 
operation increase. A farmer with a fixed amount of labor 
and machinery has two alternatives as his acreage increases. 
He can allow some of the land to lie idle or he can continue 
to perform all the field operations on all the land. Only 
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the latter alternative is considered in this, study. 
8. All the machines in a given machinery combination 
are owned, with one exception. The corn sheller is not 
owned because custom corn shelling is assumed. . The machinery 
ownership assumption is relaxed for the hilly farm, and cus­
tom operations are considered for the 2-plow and 3-plow 
machinery combinations. 
Field operations can reduce yields in two ways. A 
field operation may be accomplished during the optimum time 
period, but it is executed improperly. Examples of such in­
adequate operations which reduce yields are numerous--
improper machine adjustments, etc. In this study proper 
execution of field operations is considered a function of 
the farmer's efficiency level. Consequently the adequacy 
with which the field operations are performed is already re-
' - • 
fleeted in the yields assumed. Fj,eld operations which are 
executed properly but are not performed during the optimum 
time period also reduce yields. In such cases the field 
operation may be either too early or too late. 
Utilizing existing agronomic data, optimum or no-loss 
time periods are derived for each crop's major field opera­
tions. In this study it is assumed that a given field 
operation can not begin early but can continue after the 
no-loss time period has passed, i.e., be late. Hence, yield 
loss functions are derived only for field operations which 
27 
are late. 
Machinery combinations of varying size can perform a 
given field operation. Five machinery combinations are con­
sidered in this study. The size of the machinery combina­
tion is indicated by the size of the moldboard plow which 
the tractor can pull under average field conditions. The 
machinery combinations considered are :1 
1. 2-plow 
2. 3-plow 
3. ' 2-plow, 2-plow 
4. 2-plow, 3-plow 
5. 3-plow, 3-plow 
Given a land mixture, a cropping plan, and a labor-
machinery combination, a series of budgets are constructed 
for increasing amounts of land. The minimum farm size con­
sidered is 40 acres, and farm size is assumed to increase in 
increments of 40 acres. Yields, total production, total 
cost and total revenue are calculated for each farm size. 
Total cost is divided into two components, fixed and 
variable costs. Total "fixed cost consists of machinery de­
preciation, interest, tax, housing and insurance costs. 
Total variable cost consists of expenditures for seeds and 
"*"The last three machinery combinations include two 
tractors. 
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insecticides, fertilizer, machinery fuel and oil, machinery 
repair, machinery depreciation caused by more than normal 
use, land, labor and corn shelling. Total revenue consists 
of income from crop sales (corn, soybeans, oats and hay). 
A short-run average cost curve for each of the five 
machinery combinations is derived from the budgets. The 
envelope curv.ç for the, five short-run average cost curves on 
each farm is also derived graphically. 
Model II 
In the preceding model all the crops except permanent 
pasture are sold. Hence, permanent pasture increases total 
cost, but it does not affect total revenue in model I. In 
this model, permanent pasture contributes to both total cost 
and total revenue. This contribution by permanent pasture 
to total revenue is the basic difference between the two 
models. 
In the study area there are three alternative ways for 
a farmer to obtain revenue from his permanent pasture. 
First, the pasture can be used to produce grass seed. 
Second, the permanent pasture can be rented to another farm­
er. Third, the pasture can be used to produce feed for the 
farmer's own livestock enterprises. Only the third alterna­
tive. is considered in this model. It is assumed that the 
farmer has a beef cow herd producing feeder calves. The 
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beef cow enterprise utilizes all the permanent pasture which 
is available. This addition of a beef cow enterprise is the 
only change from model I to model II. 
Linear Programming Models 
Three general approaches can be used to determine the 
optimum organization and size of a farm business, given the 
farmer's goals. These three approaches are: a production 
function analysis, a budgeting analysis, and a linear pro­
gramming analysis. 
Production functions for southern Iowa farms have been 
estimated by Heady and Shaw (25) and by Ogg (53). Heady and 
Shaw estimated crop, livestock, and farm production functions 
for the southern pasturç area of Iowa, but they did not 
attempt to estimate the optimum size and organization of a 
farm. Ogg1 s study encompassed the nine counties included in 
the present study and Van Buren County. Although Ogg did 
not attempt to derive the optimum organization and size of 
farm, he did suggest resource adjustments needed for farms 
within the area and for the area. He suggested that farms 
expand livestock production and increase crop land slightly. 
Ogg also presented evidence indicating that the quantity of 
labor in the study area was too great to earn competitive 
returns. Hence, he suggested that farmers seek nonfarm 
employment. 
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Swanson (69), in a study of western Illinois hog farms, 
considered the problem of optimum organization and size of 
farm business. He estimated a farm production function and 
derived the maximum profit farm organization and size for 
various levels of fixed inputs and product prices. He also 
derived the maximum profit farm organization and size using 
market prices and considering all resources variable. The 
results were nonsensical because the optimum size of the 
farm was larger than the entire agricultural industry of the 
United States. Swanson suggested that nonsensical results 
were obtained because the production function was nearly 
homogeneous of the first degree -.in the inputs. However, he 
did nbt provide any tests of significance to substantiate 
this statement. 
Production function analysis has two major limitations 
in determining optimum farm organization. First, it is 
doubtful that production functions fitted to cross-section 
or time series data correspond to the production functions 
of individual farms. Second, a high degree of aggregation : 
of inputs and outputs is necessary to make production func­
tion analysis manageable. However, aggregation reduces the 
usefulness of this approach for planning and guiding indi­
vidual farm operations. Production function analyses can be 
used best to indicate the desired directions in resource use 
adjustments for an area or region. Budgeting and linear 
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programming analyses seem more appropriate for specifying in 
detail the products and inputs required for an optimum farm 
organization. 
Many studies of the farm firm have utilized the bud­
geting or linear programming approach. Only three of these 
studies are discussed below. Brewster (8), in a budgeting 
study for six areas in the United States, determined the 
least cost quantity of resources and the farm organization 
required to obtain labor-management incomes of $2,500 and 
$3,500. He also compare^ the farm plans obtained with 
existing farm organizations and considered the problem of 
establishing farm ownership. Brewster seriously limited the 
usefulness of .his results by forcing the combinations of 
enterprises in his optimum farm plans to be similar to those 
presently existing on the farms in his six areas. In addic­
tion, the effects of changes in soil mixtures, price levels," 
and technology upon the optimum farm plan and farm income 
were not considered. Finally the budgeting procedure used 
did not insure that the resource combinations obtained were 
the least cost combinations. 
Irwin (34), in a linear programming study of lôO-acre 
farms in southern Iowa, considered the effects of intensive 
pork production systems upon the allocation of farm resources 
and farm income. Since acreage was considered fixed, the 
farm business had to be expanded in an intensive manner, 
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i.e., more' capital or a different technology was combined 
with a fixed amount of land. Hence, Irwin's study did not 
consider the alternative of expanding the farm business in 
an extensive manner. 
A study by Dean, Heady, and Yeh (ll) examined alterna­
tive methods for increasing the incomes of farm families in 
the Shelby-Grundy-Haig soil area. The" effects upon the 
optimum farm organization and farm incomes of increased 
capital use, improved technology, larger acreage, part-time 
farming and shifts to nonfarm occupations were considered. 
Relatively little emphasis was placed upon determining the 
optimum farm size to achieve either a given income or com­
petitive resource returns. Profit maximization was the only-
firm goal.considered. Although the effect upon income of a 
larger acreage was estimated, a minimum acreage was always 
assumed. The study did not consider the effect upon farm 
income and the optimum farm plan of changes in the price 
level and the soil mixture. In addition no attempt was made 
of the effects upon the-study area-of adjustments by-indi­
vidual farmers. 
The objectives of this study encompass the first two 
objectives of Brewster's study, but a different method of 
analysis is used. Although the objectives and emphasis.of 
this study differ somewhat from the objectives and emphasis 
in the studies by Irwin and Dean, _et al., the linear 
33 
.programming procedures used are similar. A brief discussion 
of the general linear programming approach is presented below. 
The general linear programming problem is to minimize 
(Eq .  1 )  
subject to 
q. 2: o j=l,2, . . . , n (Eq.  2)  
and 
n 
jfi aijqj " bi i—1 y 2 y • • • y m (Eq.  3)  
where the a.., b., and c . 'are given known constants and 
-L J -L. J 
m < n (15). It is assumed that Equation 3 is expressed in a 
form which makes all b^ = o. In addition it is assumed that 
technology matrix (a..) contains m vectors which can be 
-L J 
explicitly arranged to form a unit matrix of order m (15). 
The coefficient b^ represents the i— constraint on the 
firm, i.e., the maximum amounts of the i— resource avail­
able or the income or resource return goal. The coefficient 
a. . represents the quantity of the i— resource required to 
-L J 
produce one unit of the j— activity q.. The coefficient q. j J 
represents the quantity of the j— activity. The j— 
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activity is described by its coefficients (a^j, a2y . . ., 
a . ) for the m constraints.. In the cost minimization prob­
lem the coefficient c. represents the cost for one unit of 
J 
the j— activity. If the problem were to maximize income, 
then Equation 1 would be maximized. In an income maximiza­
tion problem the coefficient c . represents total revenue for 
J 
one unit of the j— activity minus the cost of resources not 
allocated by the linear programming model for one unit of 
th 
the j— activity. 
The principal assumptions of linear programming, 
linearity, divisibility, additivity, and finiteness, have 
been thoroughly discussed elsewhere (12, 23, 70). One addi­
tional assumption is made in both the linear programming and 
budgeting models used in this study. Single-valued expecta­
tions are assumed with regard to resource constraints, 
input-output coefficients and prices. Having considered the 
general linear programming model and its assumptions, the 
three specific linear programming models and the variations 
in thpse models are discussed in.that order. 
Model I 
In this model the goal of the firm is to achieve a 
given income with the least cost combination of resources. 
This goal must be defined more precisely before the model 
can be discussed in detail, . 
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The total revenue received by a firm can be divided 
into two categories, payments to hired or purchased factors 
and payments to owned factors. In this study, income is 
defined as payments received by owned factors. The income 
produced by any farm plan will depend upon, the quantity of 
owned factors employed and the return per unit of owned 
factors. Therefore, some assumption about resource or fac­
tor ownership must be made before the farm plar\ for pro­
ducing a given income can be derived. 
Assumptions . The quantity and combination of factors 
owned by each farmer or prospective farmer in the study area 
vary widely. In "addition, a given combination of owned re-
» 
sources- can usually be altered by purchasing or selling 
resources. Hence, it would be difficult to classify the 
farmers in the study area by the amounts and combinations of 
resources owned. Two alternatives are available: .to calcu­
late farm plans for each farmer or group of farmers owning 
different resource combinations or to make certain simpli­
fying assumptions regarding resource ownership. The latter 
alternative is chosen. The following assumptions are made: 
(a) the farmer and his family own no resources other than 
their labor and management and (b) the farmer has control 
over one specific machinery combination. 
The assumptions stated above simplify the problem con­
siderably. All factors other than labor, management and 
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machinery are assumed to be variable and available at market 
prices. The problem then, is to estimate the quantity and 
combination of variable factors which must be combined, with 
the fixed factors to produce a specified income.1 There may 
be more than one combination of variable resources which can 
produce a specified income. Hence, it is necessary to 
establish a,criterion for choosing one of the feasible com­
binations of variable resources. Minimum total variable 
cost is the choice criterion assumed in this study. Having 
defined the goal of the firm, the specific assumptions of ' 
model I are discussed below. 
The specific assumptions made in model I are:» 
1. All factors, except labor, management and machinery, 
are considered variable. The farmer can acquire the vari­
able factors needed, except forage and feed grains, at con­
stant prices. The farmer must "produce his own supply of 
2 forage.and feed grains. Peed grains can be sold, but 
In future discussions, the term labor-management 
income will be used. This term does not suggest that labor-
management income represents labor and management's contri­
bution to total value product but merely indicates that 
labor and management are the only factors owned. 
20gg (53) indicated that farmers in the study area seem 
to have a strong resistance, amounting almost to a moral 
judgment, against purchasing feed grains. County extension 
directors in the area substantiated Ogg's statement. 
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forage is not considered a salable product. Finally, the 
farmer can acquire control over only one soil mixture in any 
time period. 
2. The farmer and his family provide all the labor for 
all the farming operations except hay harvesting. Some 
hired labor is required for certain haying operations. This 
rather restrictive assumption about labor hiring seems real­
istic for the study area. About 47 per cent of the farms in 
the study area reported labor hire expenditures in 1959, but 
only 3.6 per cent of the farms reported one or more regular 
hired workers (87). The farmer and his family can exchange 
labor and machines with other farmers whenever necessary. 
3. The farmer has control of a 3-plow machinery com­
bination. With the present state of technology, the 
topography of the study area prohibits the use of larger 
machinery combinations. Corn shelling is the only custom 
operation. 
4. The farmer and his family have a specified level of 
efficiency. This efficiency level corresponds approximately 
to the efficiency level of the average farm in recent Iowa 
Farm Record Summaries for the study area (31, 32, 33). The 
input-output coefficients, a^., and the cost coefficients, 
c ., are numerical expressions of this efficiency level. 
J J 
This efficiency level will be referred to as the medium 
efficiency level. 
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5. The farmer must pay current prices.for all inputs 
not produced on the farm. The farmer's corn selling price 
is $1.00 per bushel. Long-run price relationships between 
corn and all other farm products and farm produced inputs 
are used to adjust the prices of other farm products and 
farm produced inputs to the $1.00 corn price. In future 
discussions, this price level will be referred to as the 
$1.00 corn price level. 
Having stated the assumptions, it is now possible to 
specify the model more precisely. The restrictions, activi­
ties, the objective function and the linear programming 
procedure will be discussed in that order. 
Restrictions The restrictions in model I can be 
divided into four groups: cropland, labor, livestock feed 
and net return. The first group of restrictions consists 
of either one or two constraints upon the acres of cropland. 
The number of cropland restrictions depends upon the soil 
mixture considered. A total of nine labor restrictions are 
considered. The first five labor restrictions are restric­
tions upon total labor by groups of months. The next two 
labor restrictions specify upper limits for the amount of 
labor which can be allocated to seedbed preparation and 
planting of oats and corn. The last two labor restrictions 
are for hired labor used in haying operations. 
Three restrictions on stocks of livestock feed (feed 
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grain, hay and pasture) are included in the model. These 
three restrictions, together with the restrictions on crop­
land and hired labor, are at a zero level in the initial 
tableau. The final restriction is a net return restriction 
which represents the firm's income goal. This restriction 
is formulated as an equality. Note that the firm's income 
goal may be set at a level which can not be achieved with 
the fixed resources available to the firm. 
Activities The activities considered can be divided 
into three groups: crop, livestock and miscellaneous. In 
this study, a crop activity is defined as an acre of a 
rotation with a specific fertilization rate. Six rotations 
and two fertilization rates are considered. Eight livestock 
activities are included in this model. Two hog activities 
and five jDeef cattle activities are considered. The activi­
ties classified as miscellaneous are: land renting, corn 
selling, hay transfer, and labor hiring. All the activities 
will be discussed in greater detail in ttie following chapter. 
Objective function As suggested previously, the 
firm's goal in this model is to achieve a given labor-
management income with a minimum total variable cost. The 
labor-management income goal is formulated as part of-a 
programming constraint. Hence, the objective function 
represents total variable cost, and it is minimized. The 
cash elements of the objective function, crepresent the 
J 
4o 
the total variable cost of producing a unit of the j— 
activity. 
All of the costs of rented, hired or purchased factors, 
except fixed machinery costs, are considered in the objec­
tive function., and the net return equation. Constant input-
output coefficients are assumed in each linear programming 
model. However, fixed machinery costs per unit of activity 
generally decline as the units of the activity included in 
the optimum plan increase. Hence, fixed machinery costs are 
not included in any of the coefficients in the net return 
equation or the objective function. The procedure used to 
consider fixed machinery costs is to include both %he labor-
management income goal and fixed machinery costs in the net 
return restriction. 
Programming procedure The solution of the linear 
programming model depends upon the constraints (tu), the 
input-output coefficients (a..) and the cost coefficients 3-J 
(cy). A change in any of the constraints or coefficient 
may result in a different solution to the programming 
problem. In the present model, the labor-management income 
goal of the firm is formulated as part of. the m^ 
constraint, b . Since this income goal is not the same for 
all firms or individuals, it is desirable to consider a 
series or range of income goals. Therefore, variable con­
straint programming is used in this model (23). The net 
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return constraint is varied from zero to the maximum the 
firm can achieve with its other restrictions. Hence, the 
programming solutions for all achievable labor-management 
incomes are obtained. 
Model II 
The goal of the firm in this model is to achieve com­
petitive resource returns. Since factors purchased or hired 
by the firm are assumed to receive competitive returns, this 
goal is concerned only with the factors owned by the farm 
firm. The assumption of model I regarding resource owner­
ship and fixity is also applied to this model. Hence, the 
firm's goal is to achieve competitive returns for the opera­
tor and family labor and management resources. 
Competitive factor returns can be considered either in 
terms of total return from a stock of factors or in terms of 
return per unit of factor. In the present study, the farmer 
and his family have a fixed stock of labor and management. 
Their goal may be to obtain a competitive labor-management 
income. Alternatively, the goal may be to obtain a competi­
tive return per unit of labor and management. Only if the 
stock of owned resources is fully employed will competitive 
returns per unit result in a competitive total return or 
income. Hence, the firm's goal in model II is to achieve 
the income which could be obtained if the operator-family 
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labor and management factors were employed In their best 
alternative use. As in model I, the firm minimizes the total 
variable cost of achieving its income goal. The specific 
assumptions made in model I also hold. Thus, the only dif­
ference between models I and II is that the income constraint 
is specified in the latter model. 
The adjusted annual salary of Iowa factory workers is 
selected as the competitive labor-management income goal. A 
factory worker's annual salary depends upon the wage rate 
received and the amount of work per year. Wage rates, in 
turn, are affected by the level of occupational skill re­
quired. Hence, the wage rates for unskilled, semiskilled 
and skilled factory workers are considered. In addition, 
the factory workers are assumed to work forty hours per week 
for fifty-two weeks each year or 2,080 hours per year. 
The 'amount of labor assumed available to the farm firm 
exceeds 2,080 hours per year. However, it is difficult to 
compare the quantity of labor supplied by the household for 
farm and nonfarm work. The farm labor supply is composed of 
operator and family labor, while the nonfarm labor supply 
generally consists only of operator labor. Measuring the 
quantity of labor supplied in hours ignores such considera­
tions as difference in working conditions, difficulty of 
work, etc. Finally, the farm plans may not utilize all of 
the stock of labor assumed available. 
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Differences in the purchasing power of farm and nonfarm 
. incomes are important if farm people are interested in real 
income and not in money income per se. Ideally., one would 
estimate the farm money income required to attain the same 
level of satisfaction as the nonfarm money income goals 
specified above. However, to solve such a problem it is 
necessary to identify and to.quantify the individual's 
utility function. Obviously such knowledge about utility 
functions is not available. 
One adjustment is made in the annual salary of factory 
workers to obtain the farm income goal. In the programming 
model the firm allocates all money income above total vari­
able costs and fixed machinery costs to the household. In 
addition, the firm provides the household with housing. 
This source of additional real income is not considered in 
the programming model. Hence, the annual salary of the 
factory worker is reduced by the estimated cost of nonfarm 
housing. As suggested earlier, it may be impossible for the 
farm firm to achieve these income goals. 
Model III 
The goal of the firm in this model is to maximize net 
revenue or returns to owned factors. The assumptions made 
• • in model III are the same as those made in models I and II. 
An examination of the models indicates that the 
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solutions for model III can be obtained from the solutions 
t h for model I. the m— equation in model I is: 
amj1j = bm (Eq. 4) 
where amj is return above variable cos t  per unit for" the j—-
t h. 
activity, q. is the-number of units of the j— activity and 
J 
bm represents return above variable cost for the firm. The 
objective function 
n 
S c.q. (Eq. 5) 
j=l J J 
is minimized. In model'I, c^ represents total variable cost 
per unit of the j— activity. : 
In model IÏI the objective function is: 
n 
S c.q. (Eq. 6) 
j=l J J 
where 
°J = <E9- 7) 
and a . and q. are defined as in model I. The goal in model 
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III is to maximize Equation 6. Thûs, the m— equation in 
model I is also the objective function for model III. By 
dropping the objective function. Equation 5 above, and con­
sidering the equation, Equation 4 above, as the objec­
tive function, model I is transformed into model III. 
Since variable constraint programming is used, the last 
solution obtained for model I maximizes Equation 4. Given 
Equation 7, the combination of activities which maximizes 
Equations 4 and 6 must be the same. Hence, the combination 
of activities which maximizes income in model I is also the 
combination of activities which maximizes net revenue in 
model III. " 
Variations in the programming models 
Certain common assumptions are made with regard to 
efficiency, price level, total labor supply, and feed grain 
buying opportunities in the three basic programming models. 
These assumptions are not always fulfilled in the real 
world, just as the models constructed above are an over­
simplification of actual farm firms. The results obtained 
from a model are affected by its assumptions. Hence, some 
of the assumptions made in the basic programming models are 
relaxed, and the effects upon the results are considered. 
Alternative efficiency levels The assumption about 
the efficiency level is the first to be relaxed. All 
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farmers in the study area do not possess the managerial 
capacity or efficiency level assumed previously. Undoubt­
edly some farmers are less efficient while others are more 
efficient than was assumed in the previous three models. 
Hence, two alternative efficiency levels are assumed. The 
first alternative efficiency level corresponds roughly to 
the efficiency level of the average farmer in the study 
area. The second alternative efficiency level approximates 
the maximum efficiency level which farmers in the study area 
can achieve with present technology. These two alternative 
efficiency levels will be referred to as low and high effi­
ciency, respectively. 
Alternative corn price levels A $1.00 corn price 
level was assumed in the three basic programming models. 
This adjusted price level was selected for two reasons. 
First, it approximates the annual corn price per bushel 
received by farmers in Iowa during 1958 and 1959 (56). 
Second, the adjustments made among the product prices 
allowed the price level to reflect long-run commodity price 
relationships. However, the $1.00 corn price level was not 
selected because it seemed the most probable price level in 
the future. 
A recent study by Kutish (44) provides projections of 
agricultural production and prices. Assuming a continuation 
of present government programs, average weather, and current 
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trends in technological progress, he projects a continued 
trend of increasing agricultural production and falling 
agricultural prices. Consequently, it seems desirable to 
choose some alternative agricultural price levels falling 
below the $1.00 corn price level. The two alternative price 
levels considered are : a $0.90 corn price level and an 
$0.80 corn price level. The prices for agricultural prod­
ucts other than corn are computed by the method used for 
the $1.00 corn price level. Current prices (1959) are 
assumed for all inputs not produced on the farm. 
The $0.80 corn price level was selected as one approxi­
mate level at which agricultural prices would exist under 
free market conditions in agriculture. Two sets of price 
projections published recently suggest that the agricultural 
price level would lie near or below this study's $0.80 corn 
price level under conditions approximating free production 
and marketing of agricultural commodities (54, 88). 
Increased labor resources In the first three models 
two resources, labor and machinery, are considered fixed. 
The nonzero labor constraints can be divided into two 
groups. The first group consists of five constraints on the 
hours of labor available by months. The second group con­
sists of two constraints on the time available for certain 
crop operations. In the initial solutions of model I, it 
soon became apparent that certain monthly constraints on 
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total labor rather than the constraints on crop labor were 
limiting. These initial solutions represent the least cost 
method or path of obtaining a dollar of net return. Hence, 
each farmer would have considerable interest in continuing 
along this path. Since limiting labor resources prevent 
further progress along the least cost path, the farmer must 
find some means- of increasing the limiting labor supply. 
Three alternative methods of expanding his monthly 
total labor constraints are available to a farmer. First, 
he may hire additional labor. Second, he can work more 
hours per day during crucial time periods. Finally, he•can 
increase his labor efficiency, thereby reducing his labor-
inputs for each operation. Only the first two alternatives, 
hiring labor and working more hours, are considered in this 
study. Working more hours may have the same effect upon 
the programming solutions as increased labor efficiency. 
ThereforeA some knowledge regarding the effect of increased 
labor efficiency is also obtained. 
Feed grain buying The assumption that feed grains 
can not be purchased is the last assumption to be relaxed. 
Farmers who are forced to produce their own feed grain 
supplies may find their opportunities to intensify produc­
tion limited by their farms' grain producing capacity. 
Therefore an activity which allows farmers to purchase feed 
grains at a constant price is added to the model. The 
49 
addition of this activity increases the alternatives con­
sidered in the model, but it also creates some difficulties. 
It is not unrealistic to assume that an individual farmer in 
the study area can purchase large quantities of corn at con­
stant prices. However, if all the farmers in the study area 
purchased large quantities of corn, the price of corn would 
increase. Hence, these programs may be appropriate for 
planning the organization of an individual farm, but they 
may be inappropriate for planning the organizations of a 
large group of farms. 
Limitations 
To achieve the objectives of this study, it is neces­
sary to formulate models which, are both realistic and 
manageable. It is impossible to quantify and consider every 
variable affecting farmers. Hence, certain simplifying 
assumptions are made in each model. Each simplifying 
assumption imposes a restriction upon the applicability of 
the model. The limitations of both the budgeting and linear 
programming models are discussed below. 
Both the budgeting and programming models are less 
flexible than actual farm firms. The models assume a fixed 
sequence of operations for each enterprise or activity. For 
example, the budgeting model assumes the first hay harvest 
must be finished before the second corn cultivation can 
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begin. Farmers do not consider their pattern of operation 
fixed. In the situation cited above, the farmer might con-, 
sider cultivating his corn first and not harvesting all the 
hày crop. Thé budgeting and programming models would be 
very complex and large if all such alternatives were con­
sidered. 
All the models assume that the constraints, input-
output coefficients, prices and costs are known with cer­
tainty. Average weather and long-run price relationships 
are also assumed. Farmers do not operate in such an un­
changing and certain environment. They are also subject to 
many constraints not considered in the models. However, 
farmers do formulate long-run plans. The major emphasis in 
both the budgeting and linear programming models is on 
long-run planning. 
The programming models presented in this study are 
static models. Hence, the problems of optimization over 
4 
time are not considered. Dynamic linear programming models 
have been formulated and used in other studies (46). The 
computational costs for solving dynamic programming models 
of any size are exorbitant. Hence, dynamic linear program­
ming was not considered in this study. 
Another time consideration not included in the present 
model is the problem of income and expenditure flows. An 
actual farm acquires income at various times during the 
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year. The timing of these income flows may be a crucial 
problem to the household because expenditure flows of the 
'household are usually on a weekly or monthly basis (39). 
Households with little cash and a poor credit rating may 
choose a farm plan .which provides a steady monthly income 
flow rather than the largest annual income. The present 
models could be modified to consider monthly income flows by 
adding twelve monthly income constraints to each model. 
However, the emphasis in this study is on long-run planning 
rather than on short-run planning. 
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DATA 
The data used in the budgeting and programming models 
are presented and discussed in this chapter. The data used 
primarily in the budgeting models are presented in the first 
section of the chapter. The second section is devoted to 
the data used principally in the programming models. Perti­
nent basic data are presented in the three appendices. 
Budgeting' Data 
Three soil mixtures or farms were selected in each soil 
association area. Summaries of these soil mixtures are 
presented in Table 6. The rotations associated with each 
farm are presented in Tables 7 and 8. The proportion of row 
crops in each rotation is the highest recommended under 
existing soil conservation standards. It is assumed that 
terraces and contour cultivation are used when needed and 
that some of the cropland on each farm is devoted to grass 
waterways. For the hilly, average and upland farms, re­
spectively, 5, 6 and 7 per cent of the cropland are required 
for waterways.^ Consequently, 136.67, 72.07 and 56.67 acres 
of the hilly, average and upland land mixtures, respec­
tively, are needed to obtain 40 acres of cropland in the 
Shelby-Grundy-Haig soil area, and 129.24, 98.91 and 55-69 
^Judgment estimates based on Schaller et al. (59). 
Table 6. Land classes for the hilly, average and upland farms in the 
Shelby-Grundy-Haig and the Shelby-Seymour-Edina soil area8-. 
Shelby-Grundy-Haig farms Shelby-Seymour-Edina farms 
Land class 
Hilly Average Upland Hilly Average Upland 
(per cent) (per cent) 
Cropland A 32.42 40.23 74.31 9.94  43.02 67.36  
Cropland B 18.81 23.34 8.26  
Permanent pasture 45.23 37.81 22.54 50.72 53.83  21.23 
Forest land 17.26 11.92 
Gullies 1.94 0.93  
Roads, farmstead, etc. 3.15 3.15 3.15 3.15 3.15 3.15 
aEach of these farms is described in greater detail in Appendix A'. 
Table 7. Shelby-Grundy-Haig association soils: estimated average crop and 
permanent pasture yields3- for. selected rotations" and farm 
Land mixture, 
cropland and 
rotation 
Yields 
First Second 
year year 
corn corn Soybean 
First 
year 
Oats corn 
Second 
year 
corn 
"Unimproved 
permanent 
pasture 
Hilly farm 
Cropland A 
CCOMM 
Average farm 
Cropland A 
CCOM 
Cropland B 
CCOMM 
Upland farm 
Cropland A 
CCSb 
48.1 
58.3  
42.3 
59.3  
48 .1  
58 .3  
42.3 
59.3  
34 .6  
37 .2  
39 .0  
2.0 
2.1 
1 . 6  
2.0 
1.6 
1 .14  
1.03 
0.85  
25.6 
aA high level of efficiency and high fertilization rates are assumed. Esti­
mated fertilizer nutrient requirements for each crop are presented in Tables 
141-146. 
b C, Sb, 0 and M represent corn, soybeans, oats and meadow, respectively. 
°Yields for corn, oats and soybeans are in terms of bushels, while meadow 
and pasture yields are in terms of tons. 
Table 8. Shelby-Seymour-Edina association soils: estimated average crop and 
permanent pasture yields3- for selected rotations13 and land mixtures 
Land mixture, 
cropland and 
rotation 
Yields 
First 
year 
corn 
Second 
year 
corn Soybean 
First 
year 
Oats meadow 
Second Unimproved 
year permanent 
meadow .pasture 
Hilly farm 
Cropland A 
CCSb 
Cropland B 
CCOMM 
57.0 
49.1 
57.0 
49.1 
24.0 
33.7 1.9 1.9 
0.95 
Average farm 
Cropland A 
CCSb 51.9 51.9 22.7 
0.94 
Upland farm 
Cropland A 
CCSb 
Cropland B 
CCOM 
55.4 
47.0 
55.4 
47.0 
24.2 
32.0 1.9 
0.73 
VJl 
VI 
a, A high level of efficiency and high fertilization rates are assumed. Esti­
mated fertilizer nutrient requirements for each crop are presented in Tables 
l4l-l46. 
C, Sb, 0 and M represent corn, soybeans, oats and meadow,- respectively. 
cYields for corn, oats and soybeans are in terms of bushels, while meadow 
and pasture yields are in terms of tons. 
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acres of the hilly, average and upland mixtures, respec­
tively, are"required to obtain 40 acres of cropland in the 
Shelby-Seymour-Edina soil area. 
A high level of efficiency is assumed in all the 
' budgeting models. This efficiency level results in yields 
approaching the maximum which farmers in the study area can 
presently attain. These yields are presented in Tables 7 
and 8. The fertilization rates assumed are the rates be­
lieved necessary to raise the soil fertility level specified 
in average soil tests to the level needed to produce the 
yields assumed under high efficiency conditions.^ 
An annual distribution of time available by weeks for 
2 
crop field' operations is assumed for the study area. The 
hours available by selected periods for specific crop opera­
tions are presented in Table 9• It is assumed that certain 
field operations must be performed during optimum or no-loss 
time periods to achieve the yields presented in Tables 7 and 
"*"See Tables l4l-l46 for estimated fertilizer nutrient 
requirements. 
2 The distribution for the study area is based on the 
mean annual distribution used by McKee in his study of crop 
production costs. McKee1 s distribution, which was based on 
19 years of daily work records from the Agronomy Farm at 
•Ames, Iowa, and an assumed work day of 10 hours, was 
adjusted for climatic differences between Ames and the study 
area. The estimated average number of hours available for 
field work in each week are presented in Table 116. 
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Table'9. Estimated average number of hours available by 
no-loss periods for specific crop field operations' 
Period 
Hours 
available Crop field operation 
March 8-25 
March 26-April 8 
April 9-May 2 
May 3-11 
May 12-23 
May 24-26 
May 27-29 
May 30-June 1 
June 2-8 
June 9-12 
June 13 
June 14-20 
June 21-27 
June 28-30 
July 1-7 
July 8-9 
July 10-14 
July 15-21 
July 22-August 17 
August 20-28 
August 29-0ctober 2 
October 3-7 
October 8-20 
October 21-27 
October 28-December 26 
32.5 
78.7 
161.9 
57.5 
81.2 
21.3 
.21.3 
19.8 
45.0 
26.5 
6.6 
46.3 
48.2 
22.3 
53.6 
15.8 
32.8 
53.7 
216.7 
68.6 
269.6 
37.4 
100.4 
55.5 
317.7 
Oats seeding 
Corn planting 
Soybean planting 
Corn hoeing 
Soybean cultivation 
Hay cutting 
Corn cultivation 
Soybean cultivation 
Corn cultivation-
Oats harvest 
Hay cutting 
Hay cutting 
Soybean harvest 
Corn harvest 
TOTAL I896.9 
aSee Table 116. 
8. The no-loss time periods are derived from county exten­
sion directors' estimates of the beginning data for each 
field operation and from data on yield losses. The no-loss 
time, periods and the yield loss functions for specific crop 
field operations are presented in Tables 9 and 10. 
Five machinery combinations of varying size are con­
sidered in the two budgeting models."1" The time required to 
perform the field operation per acre of cropland depends 
upon the effective capacity of the machinery combination, 
the crops included in the rotation, and the sequences of 
2 
operations assumed. Tables 11, 12 and 13 indicate the 
hours required by each machinery combination to perform 
certain groups of field operations on the hilly, average and 
upland farms. 
The beef cow, calf selling enterprise included in the 
second budgeting model is described in detail in the next 
section. The feed requirements, revenue and cost associated 
with this enterprise are presented in Table 34. Table 14 
contains the labor requirement per unit for the beef cow 
enterprise. 
"'"See Tables 117 to 121 fo-r a description of the 
machines included in each machinery combination. 
O. 
See Tables 122 to 131 for a complete description of 
the field operations assumed for each crop and machinery 
combination. 
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Table 10. Estimated average crop losses per acre from 
untimely field operations 
Crop field operations 
Date losses 
begin 
Losses per acre 
per day late 
1. Oats seeding' 
2. Corn planting 
3. Soybean planting 
4. Corn hoeingd 
5. Corn cultivation^ 
First 
Second 
6. Soybean cultivation6 
First 
Second 
7. Hay harvesting** 
First 
Second 
Third 
April 9 
May 12 
8. Oats harvesting 
9. Soybean harvesting 
10. Corn harvesting11 
h 
First 21 days 
Remaining days 
First 16 days 
Next l4 days 
Remaining days 
1.00 bu. 
2.00 bu. 
0.40 bu. 
0.84 bu. 
1.40 bu. 
May 24 • 0.45 bu. 
May 30 0.50 bu. 
June 21 0.25 bu. 
July 8 0.25 bu. 
July 9 0.50 bu. 
June 28 0.25 bu. 
June 13 • 2.9# 
July 22 1.7# 
August 29 1.3# 
July 15 1.3# 
October 8 1.30 
October 28 .6# 
aFrom Wiggans and Frey (93). 
bFrom Krenz (43). 
cFrom Weber (92). 
dFrom Krenz (43). 
^Assumed to be the same as corn cultivation losses. 
f Jessie M. Scholl, Ames, Iowa. Distribution of growth 
of alfalfa hay with three harvests per year. Private 
communications. 1959. 
sAdapted from Dawson (10). 
. Adapted from Link (45). 
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Table 11. Shelby-Œrundy-Haig association, soils, hilly farm: 
hours per 40 acres of cropland required by 
selected machinery combinations to perform 
specific field operations^ 
Machinery combinations 
Field operations 2-plow 3-plow 2-plow 2-plow 3-plow 
2-plow 3-plow 3-plow 
*b Oats seeding 13 .20 10 .96 6 .60 5.68 5 .48 
Spring plowing0 33 .04 23 
co 
16 .52 13.44 11 .92 
Corn planting^ 21 .68 15 .20 10 .84 7.98 7 .60 
Corn harvesting 2 .24 1 - 1, .12 i.o4 0 .96 
Corn hoeing 4 .32 2 .40 . 2, .16 1.54 1 .20 
Corn cultivation •> 
First 7 .68 4 :i6 3, 
-
3-00 
2.69 2 .08 
Second 5 .44 2 
00 CO 
2, .72 1.89 1 .44 
Hay harvest6 
First 33 .28 33 
00 OJ 
16, .64 16.64 16 .64 
Second 33 
CO OJ 
33 
00 OJ 
16. 64 16.64 16 .64 
Third 33 .28 
oo oo 
.28 16. 64 16.64 16 .64 
Oats harvest6 11, .36 9' .44 5. 68 4.72 4, .72 
Corn harvest6 4o. 00 21, .44 20. 00 10.72 10 .72 
Total 
CO oo OJ 
.80 
OJ CT
\ 1—1 
.08 119. 4o 99.62 96, .04 
aThe hours per acre required by each machine for each 
operation are presented in Tables 122 through 131. 
^Includes seed bed preparation and seeding of legumes. 
^Includes fertilizer spreading and disking cornstalks 
for corn and soybeans following corn. 
d Includes seed bed preparation. 
^Includes hauling. 
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Table 12. Shelby-Grundy-Haig association soils, average 
farm: hours per 40 acres of cropland required by 
selected machinery combinations to perform 
specific field operations3 
Machinery combinations 
Field operations 2-plow 3-plow 2-plow 
2-plow 
2-plow 
3-plow 
3-plow 
3-plow 
Oats seeding13 15.46 12.84 7.73 6.65 6. ,42 
Spring plowing13 38.70 27.92 19.35 15.74 13. 96 
Corn planting^ 25.39 17.80 12.70 11.25 8. 90 
Corn harrowing 2.62 2.25 1.31 1.22 1. 12 
Corn hoeing 5.06 2.81 2.53 1.80 1. 4o 
Corn cultivation 
First 9.00 4.87 4.50 3.14 2. 44 
Second 6.37 3.37 3.18 2.22 1. 68 
6 Hay harvest 
First 24.79 24.79 12.40 12.40 12. 4o 
Second 24.79 24.79 12.40 12.40 12. 4o 
Third 24.79 24.79 12.40 12.40 12. 4o 
Oats harvest6 13.31 11.06 6.65 5.53 5. 53 
Corn harvest6 46.85 25.ll 23.42 12.56 12. 56 
Total 237.13 182.40 118.47 97.31 91. 21 
aThe hours per acre required by each machine for each 
operation are presented in Tables 122 through 131. 
^Includes seedbed preparation and seeding of legumes. 
^Includes fertilizer spreading and disking cornstalks 
for corn and soybeans following corn. 
^Includes seedbed preparation. 
^Includes hauling. 
62 
Table 13. Shelby-Grundy-Halg association soils, upland 
farms : hours per 40 acres of cropland required 
by selected machinery combinations to perform 
specific field operations^ 
Machinery combinations 
Field operations 2-plow '3-plow 2-plow 
2-plow 
2-plow 
3-plow 
3-plow 
3-plow 
Spring plowing^ 86.11 62.26 43.06 35.20 31.13 
Corn planting0 36.12 25.33 18.06 13.29 12.66 
Soybean planting0 21.59 15.33 10.80 8.13 7.66 
Corn harrowing 3.73 3.20 1.86 1.70 1.60 
Soybean harrowing 1.87 1.60 0.94 0.85 0.80 
Corn hoeing 7.20 4.00 3.60 2.56 2.00 
Soybean cultivation •f 
First 6.40 3.47 3.20 2.24 1.74 
Second 4.53 2.40 2.26 1.57 1.20 
Corn cultivation 
First 12.80 6.94 6.40 4.48 3.47 
Second 9.06 4.80 4.53 3.14 2.40 
Soybean harvest^ 18.93 15.73 9.46 7.86 7.86 
Corn harvest^ 66.65 35.72 33.32 17.86 17.86 
Total 274.99 - 180.78 137.49 98.88 90.38 
aThe hours per acre required by each machine for each 
operation are presented in Tables 122 through 131. 
^Includes fertilizer spreading and disking cornstalks 
for corn and soybeans following corn. 
^Includes seedbed preparation. 
^Includes hauling. 
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Table 14. Estimated annual labor requirements per unit for 
the beef cow, calf selling enterprise by size of 
enterpriseb 
Units Hours 
0-19 15.27 
20-29 14.22 
30-109 8.20 
110 and more 7.85 
aUnit equals cow, calf and replacement stock. 
bBased on Knight and Bortfeld (40). 
The data presented and discussed above are sufficient 
to budget physical inputs and outputs for a given machinery 
combination and acreage. However, input and output prices 
are needed to calculate total revenue and total cash. The 
prices used to calculate total revenue and total cash are 
presented in Tables 19 and 36. 
Total cost in each budgeting model is divided into two 
components, total fixed cost and total variable cost. Total 
variable cost consists of machine repair, fuel, oil, seed 
insecticide, fertilizer, land, custom corn shelling and 
variable depreciation costs. Total fixed cost includes 
interest, tax, housing, insurance and minimum annual depre­
ciation costs. Each of these components of total fixed cost 
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and total variable cost is discussed below. All of the 
costs of the beef cow, sell calf enterprise are classified 
as variable costs. 
Total variable cost for the first 40 acres of cropland 
by farm and machinery combination is presented in Table 15. 
Machinery repair costs are based primarily on work by Husaln 
(29)-. Annual repair and service cost for each machine is 
calculated as a percentage of retail price. Then the 
annual repair and service cost is divided by normal annual 
use to obtain repair and service cost per service unit 
(Tables 132 and 133)-1 
Fuel and oil costs for each field operation are pre­
sented in Tables 122 through 131. Seed, insecticide and 
fertilizer prices are presented in Table 19, and seed and 
insecticide costs per acre are presented in Table 14?. Land 
rents per acre, which consist of interest and taxes, are 
derived in Table 134. In calculating labor costs, wage 
rates of $1.35 per hour for operator and regular hired labor 
and $1.00 per hour for seasonal haying labor are assumed. 
Custom corn shelling is assumed for every machinery 
combination and farm size. The custom corn shelling cost is 
$0.03 per bushel (91). Custom operations are considered for 
1 
A service unit is an hour for a tractor and an acre 
for other machines. 
Table 15. Shelby-Grundy-Halg association soils: variable costs for the first 
40 acres of cropland by machinery combination and farm 
Machinery 
combination 
Machine 
repair3-
Fuel and 
oil13 
Feed, in­
secticide 
and fer­
tilizer0 
Land 
Custom 
corn 
rent^ shelling6 Labor Total® 
2-plow 
3-plow 
2-plow, 
2-plow, 
3-plow, 
2-plow 
3-plow 
3-plow 
Hilly farm 
$129.24 $ 96.02 $371.88 $620.90 $23.09 
126.64 84.60 371.88 620.90 23.09 
129.24 96.02 371.88 620.90 23.09 
122.25 86.07 371.88 620.90 23.09 
126.64 84.60 371.88 620.90 23.09 
$386.70 $1627.83 
323.63 
386.70 
333.30 
323.62 
1550.74 
1627.83 
1557.49 
1550.73 
Tables 132 and 133. 
^Tables 122 through 131. 
°Tables l4l through 147. 
dTable 134. 
6Shelling costs are $0.03 per bushel of corn. 
^Wage rates assumed are $1.35 per hour for operator and regular hired labor 
and $1.00 per hour for seasonal hay harvesting labor. 
®Does not include variable depreciation cost or the cost for the beef cow 
enterprise. 
Table 15. (Continued) 
Feed, in­
secticide Custom 
Machinery Machine Fuel and and fer- Land corn f 
combination repair3- oil*3 tilizer0 rentd shelling© Labor Total® 
Average farm 
2-plow 125.05 93.78 412.57 616.20 30.13 368.05 1645.78 
3-plow 119.89 81.65 412.57 616.20 30.13 294.16 1554.60 
2-plow, 2-plow 125.05 93.78 412.57 616.20 30.13 367.78 1645.51 
2-plow, 3-plow 116.05 83.38 412.57 616.20 30.13 310.88 1569.21 
3-plow, 3-plow 119.89 81.65 412.57 616.20 30.13 294.18 1554.62 
Upland farm 
2-plow 127.54 103.73 413.60 817.75 47.42 371.24 1881.28 
3-plow 113.41 87.19 413.60 817.75 47.42 244.05 1723.42 
2-plow, 2-plow 127.54 103.73 413.60 817.75 47.42 371.22 1881.26 
2-plow, 3-plow 110.53 91.44 413.60 817.75 47.42 266.98 1747.72 
3-plow, 3-plow 113.41 87.19 413.60 817.75 47.42 244.02 1723.39 
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the 2-plow and 3-plow machinery combinations on the hilly 
farm. Custom combining and picking costs of $4.30 and $4.15 
per acre, respectively, and custom baling costs of $0.il per 
bale are assumed (l). 
Machinery depreciation Is considered both a fixed and 
variable cost in this study.1 Normal annual machine use is 
assumed to result in a fixed annual depreciation cost for 
each machine. Machine use beyond normal use increases the 
annual depreciation cost. Variable depreciation cost per 
service unit for each machine is presented in Table 133. 
The annual fixed costs for each machinery combination 
are presented in Table 16. Minimum annual depreciation for 
each machine is calculated as: 
retail price minus salvage value 
estimated life in years 
The retail price and estimated life in years for each 
machine are presented in Tables 117 through 121 and 132. 
Salvage value for each machine is assumed to be 10 per cent 
of its retail price. Machinery interest costs are based on 
average machinery values and an interest rate of 6.8 per 
cent (Table 149). The estimated tax cost for each machine 
is 1.1 per cent of its retail price. This tax charge is 
based on a tax rate of 68.54 mils and an assessment rate of 
^See Husain (29) for a discussion of machinery depre­
ciation as .a fixed and variable cost. 
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Table lb. Annual fixed machinery costs by machinery 
combinations^ 
Minimum Tax, housing 
Machinery annual and 
combinations depreciation Interest insurance Total 
2-plow $1107 - $477 $270 • $1854 
3-plow 1245 568 321 2134 
2-plow, 2-plow 1392 637 .362 2391 
2-plow, 3-plow 1530 728 413 2671 
3-plow, 3-plow 1636 786 445 2867 
^The fixed costs in this table are for the hilly and 
average farms. The hay baler and rake are not included in 
the machinery combinations for the upland farm. Hence, the 
annual fixed costs for the five machinery combinations on 
the upland farm are $1,368, $1,707, $1,905, $2,244 and 
$2,440. 
30 per cent of average value'(Table 134). Housing and in­
surance costs are calculated as .75 and .25 per cent of 
retail price, respectively (27). 
Programming Data 
Constraints 
The constraints, prices and activities used in the 
programming models are discussed in this section. 
The constraints considered in the programming models 
can be divided into two groups: (a) the resources available 
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to the firm and (b) the income goal of the firm. The re­
sources available to the firm consist of cropland, feed 
grain, hay, pasture- and labor. In the initial tableau, zero 
amounts of cropland, feed grain, hay, pasture and hired-
labor for haying are assumed available to the firm. These 
restrictions force the firm to rent' land, to hire haying 
labor and to produce feed grain and forage before these 
resources are used. 
Labor resources A fixed quantity of operator and 
family labor, 2,925 hours per year, is assumed available to 
the firm. Since untimely operations may affect the output 
of an enterprise, the annual operator-family labor input is 
divided into several seasonal labor restrictions. These 
seasonal labor restrictions are presented in Table 17. 
Two additional restrictions on crop labor are presented 
in Table 17. Initial budgeting results indicated that two 
time periods were very important in determining crop yield 
losses. These periods were (a) the time available during 
March and April for seedbed preparation and seeding of oats 
and (b) the time available during May and June for seedbed 
preparation and planting of corn. Hence, labor restrictions 
for these two periods were developed. The March-April, oats 
and the May-June, corn labor restrictions insure that 
average crop yield losses are relatively small as the farm's 
acreage increases. Hence, constant output coefficients per 
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Table 17. Hours of operator and family labor available for 
farm work by selected monthly periods3 
Period 
Family 
labor 
Operator 
labor Total 
Dec.-Jan.-Feb. 97 527 624 
March-April b 
March-April, oats 
65 377 442 
90 
May-June b 
May-June, corn 
118 402 520 
107 
July-Aug. 177 499 676 
Sept.-Oct.-Nov. 97 566 663 
Total 554 2371 2925 
aFrom (34). 
^Derived from budgeting results. 
unit of crop activity are reasonably appropriate even when 
large acreages are obtained in the programming solutions. 
Income goals The goals of the three programming 
models are (a) to achieve a given income at least cost, 
(b) to achieve competitive resource returns at least cost 
and (c) to maximize net revenue or income to owned factors. 
Since model I was solved by the variable constraint method, 
the solution for every income goal ranging from zero to the 
maximum attainable income is obtained. It has also been 
demonstrated that the maximum income solution of model I is 
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identical to the maximum net revenue solution of model III. 
Hence, the income restriction is variable in model I and is 
determined internally in model III. 
In model II the adjusted annual salaries of unskilled, 
semiskilled and skilled Iowa factory workers, respectively, 
represent the income goals. The estimated wage rates for 
unskilled, semiskilled and skilled Iowa factory workers are 
$1.35, $1.90 and $2.70 per hour, respectively (91). A work 
year of 2,080 hours is assumed for Iowa factory workers. An 
adjusted annual salary is obtained by subtracting a charge 
of $960 per year for urban „housing from the annual salary. 
Table 18 contains the adjusted annual salaries. Fixed 
machinery costs are not considered in calculating the net 
return coefficient for each activity. Hence, fixed 
machinery costs, $2,134, are added to the adjusted annual 
salaries in Table 16 to obtain the net return restrictions 
actually used in model II.1 Income tax charges are not in­
cluded in the net return coefficients for the activities or 
the net return restrictions in any of the models. 
Prices 
The prices used to calculate total revenue, total 
variable cost and net return for the crop and livestock 
1See Table 16 for components of fixed machinery cost. 
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Table 18. Income restrictions for model II: adjusted 
annual salaries for Iowa factory workers by 
level of skill 
Adjusted 
Level of skill 
Wage rate 
per hour3-
Annual 
salary 
Housing 
charge" 
annual ( 
salary1 
Unskilled $1.35 $2,808 $960 $1,848 
Semiskilled 1.90 3,952 960 2,992 
Skilled 2.70 5,616 960 4,656 
aFrom (91). 
bFrom (11). 
^Adjusted annual salary equals annual salary minus 
housing charge. 
activities are presented in Table 19The influence of 
changes in farm commodity price ratios upon farm plans is 
not investigated in this study. Average historic price 
relationships among farm products are used in this study. 
Long-run price relationships between corn and oats, soy­
beans, hay, hogs and cattle are used to adjust the prices of 
these latter products to the $1.00, $0.90 and $0.80 corn 
price level. The periods used in calculating these adjusted 
prices are 1937-57 for cattle, 1951-57 for hogs and 1953-57 
for grains and hay. 
"'"Net return equals total revenue minus total variable 
cost. 
Table 19. Prices used for three selected price levels8" 
Item 
$1.00 
corn price 
$0.90 
corn price 
$0.80 
corn price 
Buying Selling Buying Selling Buying Selling Buying Selling 
date date price price price price price price 
Seed (Iowa prices) 
Alfalfa (lb.) March 
Smooth brome 
grass (lb.) March 
Oats (bu.) March 
Corn (bu.) March 
Soybeans (bu.) March 
Aldrin (gal.) March 
Feed (Iowa prices) 
Cattle supplement 
(cwt.) July 
Hog supplement 
(cwt.) July 
Fertilizer 
(U.S. prices) 
Nitrogen (lb.) April 
Phosphorus (lb.) April 
Potassium (lb.) April 
$ 0.50 
0.51 
1.60 
11.50 
3.10 
5.05 
4'. 75 
6.50 
0.13 
0.09 
0.05 
$ 0.50 
0.51 
1.60 
11.50 
3.10 
4.75 
6.50 
0.13 
0.09 
0.05 
$ 0.50 
0.51 
1.60 
11.50 
3.10 
4.75 
6.50 
0.13 
0.09 
0.05 
aFrom (56, 71, 75, 78). 
^Twenty-five per cent of the oats and soybean seed was purchased. 
Table 19. (Continued) 
$1.00 
corn price 
$0.90 
corn price 
$0.80 
corn price 
Item 
Buying Selling Buying Selling Buying Selling Buying Selling 
date date price price price price price price 
Crops fIowa prices) 
Corn (bu. ' 
Oats (bu.. 
Soybeans (bu.) 
Hay (ton) 
Hogs (interior Iowa 
prices) 
Barrows and gilts 
Sows 
yr.ave. $ 1.05 $ 1.00 $ 0.90 $ 0.80 
yr.ave. 0.53 0.48 0.43 
yr.ave. 1.91 1.72 1.53 
yr. ave. 13.77 12.27 12.39 11.02 
Jan. 13.12 11.81 10.49 
March 13.47 12.12 10.78 
May 14.65 13.18 11.72 
July 14.87 13.38 11.89 
Sept. 13.92 12.53 11.13 
Nov. 11.87 10.68 9.50 
Dec. 12.38 11.14 9.91 
yr. ave. 13.69 12.32 10.95 
Jan. 11.38 10.24 9.11 
April 12.44 11.20 9.95 
June 12.42 11.18 9.94 
July 12.18 10.96 9.75 
°Prices for average efficiency. To obtain the prices for high and low 
efficiency, respectively, add and subtract $0.40, $0.36, $0.32 per hundred pounds 
for the $1.00, $0.90, $0.80 corn price levels. 
Table 19. (Continued) 
$1.00 $0.90 $0.80 
corn price corn price corn price 
Buying Selling Buying Selling Buying Selling Buying Selling 
Item date date price price price price price price 
Aug. $12.51 $11.26 $10.01 
Sept. 12.15 10.94 9.72 
Oct. 11.33 10.20 9.07 
Dec. 10.82 9.74 8.65 
yr.ave. 11.84 10.66 9.47 
Cattle 
Drylot steer 
$17.10 $15.39 calves^ Oct. Sept. 18.57 16.71 $13.68. 14.85 
Pasture steer 
calves^- Oct. Oct. 17.10 18.44 15.39 16.60 13.68 14.75 
Pasture heifer 
calves^ , Oct. Oct. 15.16 17.54 13.64 15.79 12.13 14.03 
Long fed yearlings - Oct. July 15.74 18.11 14.17 16.30 12.59 14.49 
Short fed yearlings Oct. March 15.74 17.10 14.17 15.39 12.59 13.68 
April Sept. 16.09 18.57 14.48 16.71 12.87 14.85 
Beef cow yr.ave. 12.37 11.13 9.90 
Beef calf, steer Oct. 17.10 15.39 13.68 
Beef calf, heifer Oct. 15.16 13.64 12.13 
Prices for average efficiency. To obtain the prices for high and low 
efficiency, respectively, add and subtract $0.825, $0.74, $0.66 per hundred 
pounds for the $1.00, $0.90, $0.80 corn price levels. 
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Current prices are used for feeds, seeds and fertilizer 
nutrients. The land rents used in the study are presented 
in Table 134. The selling prices for barrows and gilts and 
slaughter beef cattle in Table 19 are for the medium effi­
ciency level. It is assumed that the prices of barrows and 
gilts and slaughter beef cattle vary with efficiency levels. 
Efficiency levels can affect the selling price through the 
choice of a selling date and the grade of the animal 
marketed. 
Activities 
Six rotations and two levels of fertilization are con­
sidered in the programming models. The rotations are : 
CCSb, CSbCOM, CCOM, CCOMM, COM and COMM.1 The first of the 
two fertilization rates, F , assumes no commercial ferti­
lizer is applied. However, crop residues are returned to 
the soil. The second fertilization rate, F^, assumes a high 
2 
rate of fertilizer nutrient application. The labor re­
quirements per unit of crop activity are the same for all 
efficiency levels and soil mixtures. A unit of a crop 
activity is defined as an acre of a rotation with a specific 
"•"C, Sb, 0 and M represent corn, soybeans, oats and 
meadow, respectively. 
^See Tables 135 to 146 for the estimated yields and 
fertilizer nutrient requirements for each rotation, effi­
ciency level and soil mixture. 
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fertilization rate. The seasonal labor requirements of the 
12 crop activities considered are presented in Table 20. 
Tables 21 through 32 contain the crop activities' net 
return, total variable cost, feed grain production, and hay 
production coefficients.for the efficiency levels, land mix­
tures and price levels considered. Net return for the crop 
activities is defined as soybean revenue minus cost where 
cost represents total variable cost. Total variable cost 
consists of three components: production costs, crop 
building costs and an interest charge on production costs 
and average crop building investment. 
Crop production costs include seed, insecticide, 
machinery operation, custom shelling and fertilizer costs. 
Seed and insecticide costs are presented in Table 147 and 
machinery operation costs by crops are presented in Table 
148. The custom shelling charge is $0.03 per bushel. The 
estimated crop building cost of $0,035 per bushel of feed 
1 grain represents building depreciation and repair costs. 
The interest rates assumed in calculating interest charges 
on crop production and building costs are presented in 
Table 149. 
The feed grain production coefficients are expressed 
^F. W. Roth, Ames, Iowa. Estimated costs of feed grain 
storage. Private communication. 1959. 
Table 20. Estimated hours per acre of labor required by monthly periods for 
selected crop activities 
Activity 
Dec. -
Jan.-
Peb. 
March-
April 
March-
April, 
oats 
May-
June 
May-
June, 
corn 
May-
June, 
haying 
July-
August 
July-
August, 
haying 
Sept .-
Oct .-
Nov. 
CCSbg^ .021 1.169 0 1.925 .633 0 .184 0 .981 
CCSb^ .024 1.277 0 2.145 .633 0 .20 6 0 1.121 
CSbCOML .055 .978 .274 1.171 .486 0 .130 0 .535 
CSbC0M1 .062 1.100 .274 1.379 .486 0 .154 0 .670 
CCOMq .063 .743 .342 1.052 .475 . 0 .137 0 .708 
CC0M1 .070 .836 .342 1.201 .475 0 .155 0 .811 
CCOMM0 .050 .595 .274 .842 .380 0 .109 0 .566 
CC0MM1 .056 .669 .274 .961 .380 0 .124 0 .649 
C0Mq .077 .726 .457 .714 .318 0 .108 0 .427 
C0M1 .086 .836 .457 .877 .318 0 .129 0 .538 
COMM0 .058 .545 .342 .536 .239 0 .081 0 .320 
C0MM1 .065 .627 .342 .658 .239 0 .096 0 .4o4 
aThe subscript 0 indicates no commercial fertilizer was applied. 
^The subscript 1 indicates that a high rate of commercial fertilizer was 
applied. See Tables l4l through 146 for fertilizer nutrients rates. 
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Table 21. She lb y- Gr un dy- Ha i g association soils, hilly farm: 
estimated net return, cost and physical output 
per acre for selected crop activities at three 
efficiency levels and a $1.00 corn price level 
Efficiency Net 
level Activity return 
($) 
Low CCOMMq -6.29 
CC0MM1 -13.61 
COMQ -7.33 
C0M1 -13.58 
COMM0 -5.49 
com. -9.84 
Medium 
High 
Cost 
. ( $ )  
Feed grain 
produced 
(bu.) 
Hay 
produced 
(tons) 
6.29 14.50 0.50 
13.61 19.60 0.70 
7.33 14.30 o.4o 
13.58 18.80 0.60 
5.49 10.80 0.60 
9.84 14.20 0.80 
ccommq -6.56 6.56 15.30 0.60 
cc0mm1 -i3.92 13.92 21.00 0.70 
COMg -7.56 7.56 15.20 0.50 
c0m1 -13.84 13.84 20.10 0.60 
comm0 -5.66 5.66 ii.4o 0.70 
c0mm1 -10.02 10.02 15.00 0.90 
ccomm0 -7.04 7.04 16.50 0.60 
cc0mm1 -14.46 14.46 22.70 0.80 
COMg -7.97 7.97 16.20 0.50 
COM. -14.32 14.32 21.80 0.70 
COMMq -5.98 5.98 12.20 0.80 
COMM. -10.39 10.39 16.40 1.00 
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Table 22. SheIby-Grundy-Hai g association soils, average 
farm, cropland A: estimated net return, cost and 
physical output per acre for selected crop 
activities at three efficiency levels and a $1.00 
corn price level 
Efficiency 
level Activity 
Net 
return 
($) 
Cost 
($) 
Feed grain 
produced 
(bu. ) 
Hay 
produced 
(tons) 
Low CCOMg -8 .19 8.19 22 .10 .40 
CCOM. -14 .47 14.47 29, .00 .50 
CCOMMQ -6. 58 6.58 17, ,90 .70 
CCOMM. -11 .55 11.55 23, .30 .80 
C0M0 -7 .57 7.57 17, .40 .60 
COM. -11 .41 11.41 22. .10 .70 
COMMQ 
-5 .68 5.68 13. .10 .90 
C0MM1 -8 .73 8.73 l6. .60 1.00 
Medium CCOML -8 
.57 8.57 23. ,80 .50 
CC0M1 -14 .86 14.86 31. ,00 .60 
CCOMMQ -6 .85 6.85 19. ,00 .80 
CC0MM1 -11 .88 11.88 24. .90 .90 
C0Mq 
-7 .82 7.82 18. ,60 .60 
COM. -11 .71 11.71 23. ,80 .70 
COMMQ 
-5 .87 5.87 14. ,10 1.00 
C0MM1 -8 .94 8.94 17. 90 1.10 
High CCOMg 
-9 .20 9.20 25. 30 .50 
CC0M1 -15. 58 15.58 33. 50 .60 
CCOMMQ 
-7. 37 7.37 20. 60 .80 
CCOMM. -12, .45 12.45 27. 10 .90 
COMQ -8, .28 8.28 20. 20 .70 
COM. -12, .18 12.18 25. 60 .80 
COMMQ -6, .21 6.21 15. 20 1.00 
COMM^ 
-9, .31 9.31 19. 30 1.10 
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Table 23. Shelby-Grundy-Halg association soils, average 
farm, cropland B: estimated net return, cost 
and physical output per acre for selected crop 
activities at three efficiency levels and a 
$1.00 corn price level 
Efficiency Net Feed grain Hay 
level Activity return Cost produced produced 
($) ($) (bu.) (tons) 
Low 
Medium 
High 
ccommq -6.15 6.15 12.90 .40 
cc0mm1 -13.41 13.41 17.10 .60 
com0 -7.20 7.20 12.80 .40 
COM. -13.31 13.31 16.4o .50 
commq -5.40 5.40 9.60 .60 
c0mm1 -9.93 9.93 12.30 .70 
CCOMMq -6.44 6.44 13.80 .50 
CCOMM. -13.70 13.70 18.30 .60 
COMq -7.46 7.46 13.80 .40 
COM. -13.54 13.54 17.40 
o
 
m
 
COMMq -5.58 5.58 lo.4o .60 
c0mm1 -10.12 10.12 13.10 .80 
CCOMMq -6.93 6.93 15.10 .50 
cc0mm1 -14.23 14.23 19.90 .60 
COMg -7.90 7.90 15.20 .40 
COM. -14.00 14.00 18.90 .50 
COMMq -5.91 5.91 li.4o .60 
COMM. -10.47 10.47 14.20 .80 
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Table 24. Shelby-Grundy-Haig association soils, upland 
farm: estimated net return, cost and physical 
output per acre for selected crop activities 
at three efficiency levels and a $1.00 corn 
price level 
Efficiency Net 
level Activity return 
($) 
CCSbg 5.18 
CCSb. 
-3.72 
CSbC0MQ -0.03 
CSbCOM. 
-4.29 
CCOM. -8.32 
CC0M1 -14.26 
CCOMMQ -6.66 
CCOMM. -11.41 
COMQ • -7.67 
C0M1 -11.30 
COMMQ 
-5.75 
C0MM1 -8.68 
Medium CCSbQ 5.88 
CCSb1 -3.13 
CSbCOM 0.24 
CSbC0M1 -3.86 
CC0Ma -8.68 
Feed grain Hay 
Cost produced produced 
($) (bu.) (tons) 
8.19 14.10 0 
18.24 34.20 0 
8.05 18.90 .40 
12.88 24.70 . .40 
8.32 23.50 .50 
14.26 30.80 .50 
6.66 19•10 : .80 
11.41 24.80. .80 
7.67 18.70 .60 
11.30 23.60 .70 
5.75 14.00 1.00 
8.68 17.80 1.00 
8.63 15.50 0 
18.79 36.80 0 
8.34 20.00 .40 
13.22 26.50 .50 
8.68 25.10 .50 
S g 
CO . 
O  
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Table 24. (Continued) 
Efficiency Net 
level Activity return 
($) 
CCOML 
-14.67 
CCOMMQ -6.97 
CCOMM1 -11.76 
COMQ -7.93 
COM. -11.58 
COMMQ -5.93 
comm1 -8.90 
CCSbQ 6.29 
CCSBI -3.47 
CSbC0MQ .48 
CSbCOM. 
-3.87 
CCOMQ 
-9.34 
CCOM. 
-15.42 
CCOMMQ -7.49 
CCOMM. -12.35 
COMQ -8.40 
COM. -12.09 
COMMQ -6.28 
COMM. -9.28 
Feed grain Hay 
Cost produced produced 
($) (bu.) (tons) 
14.67 33.00 .60 
6.97 20.30 .80 
11.76 26.70 .90 
7.93 20.00 .70 
11.58 25.20 .80 
5.93 14.90 1.00 
8.90 19.00 1.20 
9.37 16.40 0 
19.70 39.90 0 
8.88 21.80 .40 
13.80 28.70 .50 
9.34 27.10 .60 
15.42 35.80 .60 
7.49 22.10 .90 
12.35 29.00 1.00 
8.40 21.60 .70 
12.09 27.50 .80 
6.28 16.20 1.10 
9.28 20.50 1.20 
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Table 25. Shelby-Grundy-Haig association soils, hilly farm: 
estimated net return and cost per acre for 
selected crop activities at two efficiency levels 
and two price levels 
$0.90 
price 
corn 
level 
$0.80 
price 
corn 
level 
Efficiency 
level Activity 
Net 
return 
•($) 
Cost 
($) 
Net 
return 
($) 
Cost 
( $ )  
Medium CCOMMq -6.56 6.56 -6.56 6.56 
CCOMMq -13.92 13.92 -13.92 13.92 
COMg -7.56 7.56 -7.56 7.56 
COM. -13.84 13.84 -13.84 13.84 
COMMQ . -5.66 5.66 -5.66 • 5s. 66 
comm1 -10.02 . 10.02 -10.02 10.02 
High CCOMMQ -7.04 7.04 -7.04 7.04 
CCOMML -14.46 14.46 -14.46 14.46 
COMQ 
-7.97 7.97 -7.97 7.97 
COM. 
-14.32 14.32 -14.32 14.32 
COMMQ -5.98 5.98 -5.98 5.98 
COMMX -10.39 10.39 -10.39 10.39 
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Table 26. Shelby-Grundy-Haig association soils, average 
farm, cropland A and B: estimated net return and 
cost per acre for selected crop activities at two 
efficiency levels and two. price levels 
$0.90 corn $0.80 corn 
price level price level 
Efficiency Net Net 
level Activity return Cost return Cost 
($) ($) ( $ )  M 
Cropland A 
Medium CCOML -8.57 8.57 -8.57 8.57 
CC0M1 -14.86 14.86 -14.86 14.86 
CCOMMQ -6^85 6.85 -6.85 6.85 
•CC0MM1 -11.88 11.88 -11.88 11.88 
COMQ -7.82 7.82 -7.82 7.82 
COM. ' -11.71 11.71 -11.71 11.71 
COMMQ -5.87 5.87 -5.87 .  5 .87 
COMM1 -8.94 8.94 -8.94 8.94 
High CCOMQ -9.20 9.20 -9.20 9.20 
CCOM1 -15.58 15.58 -15.58 15.58 
CCOMMQ 
-7.37 7.37 -7.37 7.37 
CCOMM1 -12.45 12.45 -12.45 12.45 
COMQ -8.28 8.28 -8.28 8.28 
COM. -12.18 12.18 -12.18 12.18 
- COMMQ -6.21 6.21 -6.21 6.21 
COMM^ -9.31 9.31 -9.31 9.31 
Cropland B 
Medium CCOMMQ -6.44 6.44 -6.44 6.44 
CCOMMq -13.70 13.70 -13.70 13.70 
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Table 26. (Continued) 
$0.90 corn $0.80 corn 
price level price level 
Efficiency Net Net 
level Activity return Cost return Cost 
($) ($) ($) ($) 
COMQ -7.46 7.46 -7.46 7.46 
COM. -13.54 13.54 -13.54 13.54 
COMMQ -5.58 5.58 -5.58 5.58 
COMM1 -10.12 10.12 -10.12 10.12 
High CCOMMQ -6.93 6.93 -6.93 6.93 
CCOMM1 -14.23 14.23 -14.23 14.23 
COMQ -7.90 7.90 -7.90 7.90 
COM1 -14.00 14.00 -14.00 14.00 
COMMQ -5.91 5.91 -5.91 5.91 
COMM. . -10.47 10.47 -10.47 10.47 
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Table 27. Shelby-Grundy-Haig association soils, good farm: 
estimated net return and cost per acre for 
selected crop activities at two efficiency and 
two price levels 
$0.90 corn 
price level 
$0.80 
price 
corn 
level 
Efficiency 
level Activity 
Net 
return 
($) 
Cost 
($) 
Net 
return 
($) 
Cost 
($) 
Medium CCSbg 4.43 .  8 .63 2.98 8.63 
CCSb1 -4.70 18.79 -6.26 18.79 
CSbCOMg -.62 8.34 -1.48 8.34 
CSbCOM. -4.80 13.22 
-5.73 13.22 
CCOMg -8.68 8.68. . -8.68 8.68 
CCOM. l -14.67 14.67 -14.67 14.67 
CCOMMQ -6.97 6.97 -6.97 6.97 
CCOMM1 -11.76 11.76 -11.76 11.76 
COMQ -7.93 7.93 -7.93 7.93 
COM1 -11.58 11.58 -11.58 11.58 
COMMQ -5.93 5.93 -5.93 5.93 
COMM^ -8.90 8.90 -8.90 8.90 
High CCSbg 4.72 9.37 . 3.16 9.37 
CCSb. -5.09 19.70 - -6.72 19.70 
CSbCOMg - .46 8.88 -1.39 8.88 
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Table 27. (Continued) 
$0.90 
price 
corn 
level 
$0.80 
price 
corn 
level 
Efficiency 
level Activity 
Net 
return 
($) 
Cost 
($) 
Net 
return 
($) 
Cost 
($) 
CSbCOM. -4.86 13.80 -5.86 13.80 
CCOMg -9.34 9.34 '  -9.34 9.34 
CCOML -15.42 15.42 -15.42 15.42 
CCOMMQ -7.49 7.49 -7.49 7.49 
CCOMM1 . -12.35 12.35 -12.35 12.35 
COMg -8.40 8.4o -8.40 8.40 
COM1 -12.09 12.09 -12.09 12.09 
COMMQ -6.28 6.28 -6.28 6.28 
COMM1 -9.28 9.28 -9.28 9.28 
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Table 28. Shelby-Seymour-Edina association soils, hilly 
farm, cropland B: estimated net return, cost 
and physical output per acre for selected crop 
activities at three efficiency levels and a 
$1.00 corn price level 
Efficiency Net Feed grain Hay 
level Activity return Cost produced produced 
($) ($) (bu. ) (tons) 
Low CCOMMQ -6.2? 6.27 14.20 .50 
CCOMMq -13.03 13.03 19.90 .70 
. COMQ -7.31 7.31 14.10 .40 
C0M1 -12.75 12.75 18.90 .60 
COMMQ -5.47 5.47 10.60 .60 
C0MM1 -9.67 9.67 14.20 .80 
Medium CCOMMQ -6.56 6.56 15.40 .60 
CC0MM1 -13.36 13.36 21.40 .70 
COMQ 
-7.55 7.55 15.20 .50 
C0M1 -13.04 13.04 20.30 .60 
COMMQ -5.66 : 5.66 11.50 .70 
C0MM1 -9.87 9.87 15.30 .90 
High CCOMMQ -7.05 7.05 16.70 .60 
CC0MM1 -13.89 13.89 23.10 .80 
COMQ -7.99 7.99 16.40 .50 
COM. -13.50 13.50 22.10 .60 
COMMQ -5.99 5.99 12.40 .80 
C0MM1 
OJ CM O
 
1—1 1 10.22 16.50 1.00 
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Table 29. Shelby-Seymour-Edina association soils, hilly 
farm, cropland A: estimated net return, cost 
and physical output per acre for selected crop 
activities at three efficiency levels and a 
$1.00 corn price level 
Efficiency 
level Activity 
Net 
return 
($) 
Cost 
($) 
Feed grain 
produced 
(bu. ) 
Hay 
produced 
(tons) 
Low CCSbg 4.97 8.4o l6.60 0 
CCSb1 -2.88 17.01 32.90 0 
CSbCOMg -0.31 8.33 22.20 - .40 
CSbCOM. -3.13 11.53 24.00 .50 
ccom0 -8.66 8.66 27.70 .50 
CCOM. -12.61 12.61 29.80 .60 
CCOMMQ -6.95 6.95 22.60 .80 
ccommq -10.05 10.05 24.20 .90 
COMQ -7.93 7.93 21.80 .70 
COM. -9.70 9.71 22.70 .80 
COMMQ -5.95 5.95 16.40 1.00 
c0mm1 -7.51 7.51 17.10 1.20 
Medium CCSbg 5.30 8.83 17.90 0 
CCSb. -2.85 17.55 35.60, 0 
CSbCOMg - .27 8.67 24.00 .50 
CSbCOM. -3.O8 11.86 25.70 . .50 
CCOMQ -9.07 9.07 29.80 .60 
CCOM. -13.03 13.03 32.10 .60 
CCOMMQ -7.30 7.30 24.40 .90 
CC0MM1 -10.40 io.4o 25.90 1.00 
COMQ -8.21 8.21 23.40 .80 
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Table 29. (Continued) 
Efficiency Net 
level Activity return 
($) 
COM1 -10.01 
COMMq -6.15 
COMM. -7.73 
High CCSbQ 5.67 
CCSb1 -2.60 
CSbCOML 0 
CSbCOML -2.86 
ccoMq -9.74 
ccom1 -13.73 
CCOMMq -7.82 
CCOMM1 -10.94 
COMq -8.67 
COM. -10.48 
COMMq -6.51 
COMM1 -8.08 
Feed grain Hay 
Cost produced produced 
($) (bu.) (tons) 
10.01 24.60 .80 
6.15 17.60 
0
 
OJ I—1 
7.73 18.40 1.20 
9.61 19.30 0 
18.45 38.30 0 
9.18 25.40 .50 
12.41 27.60 .50 
9.74 31.80 .60 
13.73 34.40 .70 
7.82 26.00 1.00 
10.94 ' 27.80 1.10 
8.67 25.00 .80 
10.48 26.30 .90 
6.51 18.80 1.20 
8.08 19.70 i.4o 
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Table 30. Shelby-Seymour-Edina association soils, average 
farm: estimated net return, cost and physical 
output per acre for selected crop activities at 
three efficiency levels and a $1.00 corn price 
level 
Efficiency 
level Activity 
Net 
return 
($) 
Cost 
($) 
Feed grain 
produced, 
(bu. ) 
Hay-
produced 
(tons) 
Low CCSbg 3. ,50 7 .93 11.20 0 
CCSb1 
-7. ,84 20 .45 29.80 0 
CSbCOMg -0. ,88 7 .75 15.20 .30 
CSbCOML -6. 08 13 .72 21.80 .40 
CC0ML 
-7. 93 7 .93 18.90 .40. 
CCOML 
-15. 11 15 .11 27.30 .50 
CCOMMQ -6. 35 6 .35 15.40 .60 
CC0MM1 -11. 89 11 .89 22.00 .80 
COMQ 
-7. 39 7 .39 15.10 .50 
COM. -11. 50 11 .50 21.00 .60 
COMMQ 
-5. 54 5 .54 11.40 .80 
C0MM1 -8. 86 8 .86 15.60 .90 
Medium CCSbg 4. 11 8 .31 11.90 0 
CCSb1 
-7. 07 21, .01 32.60 0 
CSbCOM^ -0. 59 8 .04 16.50 .30 
CSbC0M1 -5. 85 14, .06 23.60 .40 
CCOMg -8. 29 8, .29 20.50 .40 
CCOML 
-15. 48 15, .48 28.60 .50 
CCOMMQ -6. 66 6, .66 16.70 .70 
CCOMML -12. 24 12, .24 23.80 .80 
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Table 30. (Continued) 
Efficiency Net 
level Activity return Cost 
($) ($) 
Feed grain 
produced 
(bu. ) 
Hay 
produced 
(tons) 
C0M0 
COM. 
COMM 
COMM., 
0 
-7.65 
-11.80 
-5.72 
-9.09 
7.65 
11.80 
5.72 
9.09 
16.50 
22.60 
12.30 
17.00 
.60 
.70 
.80 
1.00 
High CCSbg 
CCSb1 
CSbCOM, 
CSbCOM. 
0 
0 CCOM, 
CCOM. 
CCOMM 
CC0MM-, 
0 
0 COM, 
COM. 
COMM 
COMM. 
0 
4.30 
.-6.79 
-0.52 
-5 .62  
-8.91 
-16.21 
-7.14 
-12.75 
-8.06 
-12.26 
-6.04 
-9.44 
9.07 
21.87 
8.54 
14.60 
8.91 
16.21 
7.14 
12.75 
8.06 
12.26 
6.04 
9.44 
12.90 
34.90 
17.60 
25.30 
21.80 
31.60 
17.80 
25.40 
17.50 
24.20 
13.10 
18.10 
0 
0 
.40 
.40 
.50 
.60 
.80 
.90 
.60 
.70 
1.00 
1.10 
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Table 31. Shelby-Seymour-Edlna association soils, upland 
farm, cropland B: estimated net return, cost 
and physical output per acre for selected crop 
activities at three efficiency levels and a 
$1.00 corn price level 
Efficiency 
level Activity 
Net 
return 
($) 
Cost 
($) 
Feed grain 
produced 
(bu.) 
Hay 
produced 
(tons) 
Low . CCOM 
-7.71 7.71 16.30* .40 
CCOML -.14.60 14.60 22.60 .40 
CCOMMQ -6.15 6.15 13.00 .60 
CCOMML -11.46 11.46 19.10 .70 
COMQ -7.21 7.21 13.00 .50 
COML -11.10 11.10 18.10 .60 
COMMQ -5.41 5.41 9.80 .70 
, 
C0MM1 -8.58 8.58 13.70 .80 
Medium CCOML -8.07 8.07 17.80 .40 
CCOML -14.97 14.97 25.40 .40 
CCOMMQ -6.40 6.46 14.20 .60 
CC0MM1 -11.79 11.79 20.70 .70 
COMQ -7.48 7.48 14.40 .50 
COML -11.36 11.36 19.50 .60 
COMMQ -5.60 5.60 10.70 .80 
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Table 31. (Continued) 
Efficiency 
level Activity 
Net 
return 
( $ )  
Cost 
( $ )  
Feed grain 
produced 
(bu. ) 
Hay 
produced 
(tons) 
comm1 -8.77 8.77 14.60 .80 
High ccom0 -8.68 8.68 19.00 .4o 
CCOM. -15.64 15.64 27.40 .50 
CCOMMQ -6.93 6.93 15.10 .60 
ccomm1 -12.29 12.29 22.00 .80 
COMg -7.89 7.89 15-. 20 .50 
COM. -11.81 11.81 20.90 .60 
COMMQ -5.91 5.91 11.50 .80 
comm1 -9.10 9.10 15.70 1.00 
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Table 32. Shelby-Seymour-Edlna association soils, upland 
farm, soil A: estimated net return, cost and 
physical output per acre for selected crop 
activities at three efficiency levels and a 
$1.00 corn price level 
Efficiency Net Feed grain Hay 
level Activity return Cost produced produced 
($) ($) (bu.) (tons) 
Low 
Medium 
CCSbg 4.23 7.99 11.90 0 
CCSb1 -6.91 20.47 31.90 0 
CSbCOMg -0.38 7.83 16.30 .30 
CSbCOM. -6.03 . 14.05 23.20 .40 
CCOMQ -8.03 8.03 20.20 .40 
CC0M1 -15.25 15.25 29.00 .50 
CCOMMQ -6.44 6.44 16.4o .60 
CC0MM1 -12.03 12.03 23.30 .80 
COMQ -7.46 7.46 16.10 .50 
COM. -11.60 11.60 22.10 .60 
COMMQ -5.59 5.59 12.20 .80 
COMM. -9.02 9.02 16.60 1.00 
CCSbg 5.16 8.40 12.90 0 
CCSb. 
-6.35 21.05 35.00 0 
CSbCOML -0.12 8.14 17.70 .30 
CSbC0M1 -5.63 14.41 25.30 . .40 
CCOMQ -8.43 8.43 22.10 .40 
CC0M1 -15.68 15.68 31.50 .50 
CCOMMQ -6.76 6.76 17.90 .70 
CC0MM1 -12.41 12.41 25.50 .80 
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Table 32. (Continued) 
Efficiency Net 
level Activity return 
( $ )  
COM0 -7.73 
COM -11.92 
COMMq -5.79 
COMM1 -9.24 
High CCSbQ 4.98 
CCSb1 -6.25 
CSbCOMq "-.23 
CSbCOM1 -5.58 
CCOMq -9.02 
CCOML -16.36 
CCOMMq -7.22 
CC0MM1 -12.93 
C0Mq -8.14 
C0M1 -12.38 
COMMq -6.12 
COMM1 -9.59 
Feed grain Hay 
Cost produced produced 
($) (bu.) (tons) 
7.73 17.60 .60 
11.92 24.00 .70 
5.79 13.20 .80 
9.24 18.00 1.00 
9.15 13.90 0 
21.91 37.20 0 
8.63 18.70 .40 
14.94 26.90 .40 
9.02 23.20 .50 
16.36 33.60 .60 
7.22 18.70 .80 
12.93 27.10 .90 
8,14 18.60 .60 
12.38 25.70 .70 
6.12 i4.oo 1.00 
9.59 19.20 1.10 
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in terms of corn equivalents. Two bushels of oats are 
assumed to be equal to one bushel of corn. Average weather 
conditions are assumed in calculating the feed grain and hay 
production coefficients. 
Eight livestock activities, two hog activities and six 
beef cattle activities are considered in the programming 
models. The labor requirements for three livestock activi­
ties are presented in Table 33. Tables 34 and 35 contain 
the feed grain, hay, pasture, net return and cost coeffi­
cients for the livestock activities. Net return is defined 
as the total revenue of the activity minus the cost coeffi­
cient. All costs, except fixed machinery, labor, and farm-
produced feed costs, are included in the livestock cost 
coefficients. To complete the discussion of livestock 
activities, a brief description of each livestock activity 
is presented below.1 
One-litter hogs The breeding herd consists entirely 
of gilts which are bred to farrow during May. The pigs are 
weaned at six to eight weeks of .age and are fed on pasture 
during the summer. In the fall after gleaning the corn­
fields, the pigs are fed in drylot. The pigs are sold in 
December. A unit of this activity consists of one gilt and 
•] . 
Detailed budgets for the livestock activities are 
presented in Tables 152 to 159 of Appendix C. 
Table 33. Estimated hours of labor per unit required by monthly periods for 
selected livestock activities . . . 
Monthly periods 
Activity 
Dec .-
Jan.-
Feb. 
March-
April 
March-
April, 
oats 
May-
June 
May-
June, 
corn 
May-
June, 
haying 
July-
August 
July-
August, 
haying 
Sept.-
Oct .-
Nov. 
Beef cows, 
sell calf 3.12 1.72 0 2.72 0 1.34 4.81 2.68 2.07 
Beef cows, 
feed out calf 5.98 3.57 0 6.9 0 1.82 6.58 3.64 5.98 
Steer calves, 
drylot fed 3.22 2.53 0 5.74 0 0.47 5.69 0.95 2.43 
Steer calves, 
pasture fed 3.50 1.69 0 5.84 0 0.65 5.75 I.29 2.64 
Yearlings, 
long fed 6.94 4.63 0 5.37 0 0.84 1.90 1.69 4.20 
Yearlings, 
short fed 7.06 4.69 0 5.84 0 1.30 5.66 2.60 8.00 
Hogs, one litter 4.10 2.85 0 3.51 0 0 3.13 0 4.41 
Hogs, two litter 
Low3-
Medium 
Higha 
8.50 
8.81 
10.26 
7.24 
8.65 
7.79 
0 
0 
0 
7.79 
6.27 
5.64 
0 
0 
0 
0 
0 
0 
5.64 
5.72 
6.70 
0 
0 
0 
9.99 
9.71 
8.71 
aLow, medium and high refer to efficiency levels. 
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Table 34. Estimated feed requirements, net return and cost 
per unit for selected livestock activities at 
three efficiency levels and a $1.00 corn price 
level 
Corn 
Activity and equiv­ Pasture Net 
efficiency level alent ,Hay days return Cost 
(bu. ) (tons) ($) ($) 
Hogs, one litter 
101.48 
-
Low 0 25.50 127.06 62.08 
Medium 106.85 0 29.38 160.71 72.26 
High 114.39 0 37.44 197.85 95.07 
Hogs, two litters • • 
Low 206.92 0 28.38 266.07 119.23 
Medium 208.71 0 31.30 336.66 139.44 
High 213.89 0 36.48 404.35 182.50 
Beef cow, sell calf 
Low 0 2.00 267.00 :  26.63 39.19 
Medium 0 2.00 267.00 32.16 41.74 
High 0 2.00 267.00 37.84 44.52 
Beef cow, feed out calf 
Low 33.13 2.56 289.20 64.56 64.72 
Medium 37.87 2.64 292.30 87.53 69.00 
High 42.60 2.72 295.50 114.06 73.27 
Steer calves, drylot fed 
Low 66.30 .71 0 73.61 104.96 
Medium 66.30 .71 0 87.93 105.02 
High 66.30 .71 0 102.88 105.29 
Steer calves, pasture fed 
Low 56.80 .96 38.00 73.35 103.29 
Medium 56.80 .96 38.00 87.96 103.67 
High 56.80 .96 38.00 103.27 .103.94 
Yearlings, long fed 
Medium 
High 
54.20 1.26 
54.20 1.26 
0 
0 
64.22 
78.46 
140.38 
140.63 
Yearlings, short fed 
High 80.20 1.94 0 93.47 283.08 
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Table 35. Estimated net return and cost per unit for , 
selected livestock activities at two efficiency 
levels and two price levels 
$0.90 corn 
price level 
$0.80 
price 
corn 
level 
Activity and 
efficiency level 
Net 
return 
(*) 
Cost 
($) 
Net 
return 
($) 
Cost 
($) 
Hogs, one litter 
Medium 
High 
138.30 
169.37 
72.05 
94.86 
115.66 
141.10 
71.84 
94.64 
Hogs, two litters 
Medium 
High 
289.96 
347.10 
139.22 
182.26 
243.89 
289.46 
138.99 
182.10 
Beef cow, sell calf 
Medium 
High 
26.35 
31.25 
40.86 
43.58. 
20.55 
24.63 
39.99 
42.68 
Beef cow, feed out calf 
Medium 
High 
74.13 
97.74 
67.88 
72.07 
60.66 
81.31 
66.77 
70.88 
Steer calves, drylot fed 
Medium 
High 
76.30 
89.74 
97.83 
98.09 
64.67 
76.63 
90.63 
90.90 
Steer calves, pasture fed 
Medium 
High 
76.54 
90.29 
96.47 
76.74 
65.01 
77.27 
89.28 
89.54 
Yearlings, long fed 
Medium 
High 
54.89 
67.67 
129.64 
129.89 
45.60 
57.00 
118.85 
119.09 
Yearlings, short fed 
High 79.76 259.66 66.12 236.17 
aA low level of efficiency is not considered with the 
$0.80 and $0.90 corn price levels because total cost exceeds 
total revenue for many of the activities. 
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one litter of pigs. 
Two-litter hogs Sows are farrowed twice a year—in 
the spring and again in the fall. The•pigs are weaned at 
five to eight weeks of age. The spring pigs are moved to 
pasture as soon as possible and remain there until marketed. 
The fall pigs are farrowed in pasture whenever possible. 
After gleaning the cornfields, the fall pigs are moved to 
drylot and remain there until marketed. 
Beef cow, sell calf The beef cows are bred to calve 
in the spring. The cow and calf graze on pasture during the 
pasture season. In October the calves are sold as good to 
choice feeders. The cows and their replacement stock are 
wintered on good quality hay. Heifers are bred to calve at 
two years of age, and 16.6.per cent of each calf crop is 
kept for replacement stock and its calf. 
Beef cow, feed out calf This activity is very 
similar to the beef cow, sell calf activity discussed above. 
The calf production phase of the two activities is the same. 
However, in this enterprise the calves are not sold as 
feeders in the fall. Instead, the calves are wintered on 
roughage and limited amounts of grain. Then the calves are 
given a full feed of grain on pasture during the spring and 
summer. When pasture production declines during the late 
summer, the calves are transferred to drylot and fed until 
marketed at choice grades in October. A unit of the 
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activity consists of one cow, its replacement stock and its 
calf. 
Steer calves, pasture fed Good to choice steer 
calves are purchased in October. The calves are wintered on 
roughage and limited amounts of grain. During the spring 
and summer the steers receive a full feed of grain on pas­
ture. The steers are transferred to drylot when pasture 
production declines during late summer, and they continue on 
a full feed of grain in drylot until they are marketed at a 
choice grade in October. A death loss of 3 per cent is 
assumed. One steer constitutes a unit of this activity. 
Steer calves, drylot fed Good to choice steer 
calves are purchased in October. The calves are wintered on 
roughage and a limited amount of grain. During February and 
March the calves are conditioned to a full feed of grain. 
The steers continue on a full feed of grain until they are 
marketed at a choice grade in September. A death loss of 3 
per cent is assumed. A unit of this activity consists of 
one steer. 
Yearlings, long fed Good to choice yearling steers 
are purchased in October. The steers are fed roughage 
initially and then brought to a full feed of grain during 
January. The steers continue on a full feed of grain in 
drylot until they are sold at a choice grade in July. A 
death loss of 1.5 per cent is assumed. One steer represents 
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a unit of this activity. 
Yearlings, short fed This activity is considered 
only in the programs assuming high efficiency. Good to 
choice yearling steers are purchased in October. These 
steers are started on roughage and are conditioned to a full 
feed of grain as soon as possible. The steers are marketed 
at good to choice grades in September. A death loss of 0.75 
per cent is assumed for each group. Two steers, one from 
each group, constitutes a unit of this activity. 
Other activities Eight other activities are con­
sidered in the various programming models. The first of 
these activities is a land renting activity. A unit of this 
activity consists of one acre of the soil mixture under 
consideration. The land renting activity provides the farm 
firm with cropland and permanent pasture. Permanent pasture 
yields for the six farms are presented in Tables 7 and 8. 
These permanent pasture yields are converted from tons to 
pasture days for the programming models. It is assumed that 
a permanent pasture yield of one ton converts to 70, 62.5 
and 50 pasture days, respectively, for the high, medium and 
low efficiency levels. The cost coefficients of the land 
buying activities consist of an interest charge and a tax 
charge. The interest and tax rates assumed in the budgeting 
models are used here. The cost coefficients of the six land ' 
renting activities are presented in Table 36. 
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Table 36. Estimated rental cost per acre of selected land 
mixtures in the Shelby-Grundy-Haig and Shelby-
Seymour-Edina soil association areas 
Soil association area Land mixture 
Rental cost 
per acre 
Shelby-Grundy-Haig Upland $14.43 
Average 8.55 
Hilly 4.68 
Shelby-Seymour-Edina Upland 13.05 
Average 8.18 
Hilly 4.42 
A feed grain selling activity and a hay transfer 
activity are included in every programming model. A unit of 
the feed grain selling activity consists of one bushel. 
This activity requires no inputs other than feed grain, and 
its cost is zero. The net return per bushel of feed grain 
sold is equal to the corn price assumed. In each program­
ming model.it is assumed that rotation meadow may be used 
for either pasture or hay. However, the rotation meadow 
yields for each crop activity are expressed as tons of hay. 
The hay transfer activity is used to convert rotation meadow 
production from hay to pasture. The conversion rates 
assumed above for permanent pasture yields are also used 
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for rotation meadow yields. A unit of the hay transfer 
activity consists of one ton. 
Four labor hiring activities, May-June hay labor hire., 
July-August hay labor hire, March-April labor hire and May-
June labor hire, are considered. The two hay labor hiring 
activities are included in every programming model because 
hay harvesting is a four-man operation. The farmer ex­
changes labor with another farmer and hires two workers 
during the haying operation. The cost of hiring haying 
labor is $1.00 per hour. The March-April and May-June labor 
hiring activities are included in the program when the labor 
constraints in models I, II and III are relaxed. The labor 
obtained through these activities may be used for any farm 
operation other than hay harvesting. A cost of $1.35 per 
hour is assumed for the March-April and May-June labor 
hiring activities. A unit of each of these labor hiring 
activities consists of one hour of labor. 
The eighth activity is a corn buying activity. It is 
? 
included in the model only when the assumption regarding 
feed grain purchasing is relaxed. This activity procures 
corn for use on the farm at $0.05 per bushel above the corn 
selling price. The cost coefficient of the activity con­
sists of the purchase price plus an interest charge upon the 
purchase price. A unit of the corn buying activity consists 
of one bushel. 
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BUDGETING RESULTS 
This chapter contains the results for the budgeting 
models. The results for model I and model II are discussed 
in the first two sections of the chapter. 'Average total 
cost curves for each of the five machinery combinations are 
derived for each land mixture. The long-run average cost 
curve for each land mixture is also presented. Models I and 
II are applied to only the three farms in the Shelby-Grundy-
Haig soil association area. The third section of this 
chapter contains a discussion of the effects of including 
land rent in the estimates of total cost. Estimates of 
product and factor prices which equate total revenue and 
total cost are also presented." In the last section the 
results for the budgeting models are summarized and compared 
with the factor combinations which exist in the study area. 
Model I 
The results for model I on the average, hilly and 
upland farms are presented in that order below. Custom 
operations are considered only on the average farm. 
Average farm 
Short-run total crop production cost can be divided 
into two.components, total fixed cost and total variable 
cost. In this study, total variable cost increases at a 
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nearly constant rate as acreage increases. Hence, average 
variable cost per acre is a constant. Total fixed cost 
consists of certain machinery costs which remain unchanged 
as acreage varies. Thus, average fixed cost per acre de­
clines continuously as acreage increases. Since average 
total cost per acre is the sum of average variable and 
average fixed cost, it also declines continuously as acreage 
increases. 
Short-run average total cost per acre Average total 
cost curves for the five machinery combinations on the 
average farm are presented in Figure 1. These cost curves 
indicate that average total cost per crop acre declines 
sharply as crop acres increase, but cost reductions for 
farms with 320 or more crop acres are negligible. Although 
the term average total cost is used here, land costs are not 
considered. The omission of a land charge from the total 
cost neither alters greatly the shapes nor materially 
affects the relative positions of the cost curves. Conse­
quently, land costs are not considered in the derivation of 
any cost curves in this section. The term total cost will 
be used even though land costs are not included. 
Total cost is usually considered as a function of the 
quantity of output and the cost of fixed inputs in the con­
struction of cost curves (26). Fixed cost per unit falls 
steadily as output increases. Variable cost per unit 
109 
LU 
cr 
o 
< 
CE 
LU 
£L 
(Z) 
<r 
< 
_i 
o 
o 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
2-PLOW 
3-PLOW 
2-PLOW, 2- PLOW 
2-PLOW, 3-PLOW 
3-PLOW, 3-PLOW 
80 160 2 4 0 320 400 480 560 640 
CROP ACRES 
Figure 1. Average total cost per crop acre with no crop 
losses for selected machinery combinations on 
the Shelby-Grundy-Haig average farm 
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declines initially as output increases, and then it in­
creases as diminishing returns occur. Hence, the average 
total cost curve typically passes through stages of de­
creasing, constant and increasing cost. Cost curves for 
farm machinery are often plotted against acres rather than 
output. Output and total revenue are not considered in the 
construction of such cost curves, or it is implicitly 
assumed that output and revenue per acre are constant. 
Figure 2 indicates that output and total revenue per 
crop acre are not constant when the size of machinery is 
fixed. Since crop operations become untimely as acreage 
increases, yields and average revenue per acre decline 
sharply as crop acres increase. Consequently, Figure 1 pre­
sents only a portion of the desired information, i.e., the 
relationship between acreage and cost per acre. A method 
for presenting all three of the important variables (cost, 
output or revenue and acreage) in one figure is needed. The 
method used in this study is to present the ratio of average 
total cost to average revenue on the vertical axis and 
acreage on the horizontal axis. Cost curves of this type 
are presented and discussed below. 
Short-run average total cost per dollar crop product 
Figure 3 contains the average total cost curves for the five 
machinery combinations on the average farm when crop losses 
are considered. The cost curves in Figures 3 and 1 differ 
Ill 
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CROP ACRES 
Figure 2. Average costs and revenue per crop acre for the 
3-plow machinery combination on the Shelby-
Grundy-Haig average farm 
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Figure 3. . Average total cost per dollar of crop product by 
farm size for selected machinery combinations on 
the Shelby-Grundy-Haig average farm 
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considerably in terms of shape and relative position. All 
the curves in Figure 3 pass through three stages of oost--
decreasing, constant and increasing. The curves in Figure 1 
pass through only the first two stages of cost. If crop 
losses are ignored, the 2-plow, 2-plow and the 2-plow, 
3-plow machinery combinations are never the most efficient, 
i.e., have the lowest average cost for a given acreage. 
When crop losses are considered, the 2-plow, 3-plow combi­
nation has the lowest average cost from 192 to 400 crop 
acres. The 2-plow, 2-plow combination remains relatively 
inefficient even when crop losses are considered. 
Small machinery combinations are the most efficient for 
small acreages. For example, the 2-plow combination is the 
most efficient of the five machinery combinations from 0 to 
96 crop acres (Table 37). Its high average variable cost is 
more than offset by its low average fixed cost for small 
acreages. As acreage increases, the 2-plow combination's 
advantage in fixed cost is canceled by its high variable 
costs, which become a large proportion of total cost. Un­
timely field operations (hay harvesting, corn cultivation, 
corn harvesting and corn planting) also cause total revenue 
to increase at a slower rate as acreage rises. Thus, the 
2-plow combination reaches its minimum cost point at l60 
crop acres, and cost per unit rises sharply beyond l60 
acres. 
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Table 37. Cost per dollar of crop product for selected 
machinery combinations on the Shelby-Grundy-Haig 
average farm 
Machinery 
combination 
Range in 
crop acreage 
with lowest 
average cost 
Minimum 
average 
cost crop 
acreage 
Minimum 
average 
cost 
2-plow 
3-plow 
2-plow, 2-plow 
2-plow, 3-plow 
3-plow, 3-plow 
0 - 96 
96 - 192 
none 
192 - 400 
360 - 600 
280 
320 
360 
160 
240 
320 
4oo 
44o 
$1.13 
1.02 
1.00 
0.93 
0.93 
Although the 2-plow combination reaches its minimum 
cost point at l60 acres, it is not the most efficient com­
bination for that acreage. A farmer with l60 crop acres 
could reduce his costs by shifting from the 2-plow to a 
3-plow combination. The 3-plow combination is the most 
efficient of the five machinery combinations from 92 to 192 
crop acres. 
Table 37 indicates the range in crop acres for which 
the 2-plow, 3-plow and the 3-plow, 3-plow combinations are 
the most efficient. The 2-plow, 3-plow combination has 
lower average fixed costs and higher average variable costs 
than the 3-plow, 3-plow combination. However, average cost 
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per dollar of crop product for these two machinery combina­
tions differs only slightly between 192 and 440 crop acres. 
A farmer with 192 to 440 crop acres could choose either of 
these two machinery combinations without materially affecting 
per unit cost. For crop acreages greater than 440 acres the 
yield losses for the 2-plow, 3-plow combination more than 
offset its fixed cost advantage over the 3-plow, 3-plow 
combination. 
Although the 2-plow and the 3-plow combinations are the 
most efficient combinations for small acreages, they are 
high cost combinations. Consideration of minimum per unit 
cost for 80, l60 and 320 crop acres will illustrate this 
point. The following combinations, (a) 2-plow, (b) 3-plow 
and (c) 2-plow, 3-plow are the most efficient for these 
acreages, and per unit cost for these acreages and machinery 
combinations is $1.35, $1.07 and $0.93. Thus, even with the 
most efficient machinery combination, per unit cost for 80 
and 160 crop acres is 45 and 15 per cent larger than for 320 
crop acres. 
What causes these differences in per unit cost? Aver­
age variable cost for the (a) 2-plow, (b) 3-plow and (c) 2-
plow, 3-plow machinery combinations differs only slightly, 
but average fixed cost for the 2-plow and 3-plow combina­
tions is 167 and 62 per cent larger than for the 2-plow, 
3-plow combination. Hence, the differences in average total 
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cost for the three machinery combinations can be attributed 
to differences in average fixed cost. Total fixed cost for 
the 2-plow, 3-plow machinery combination is larger than for 
the other two combinations. Low average fixed cost is ob­
tained by spreading the larger total fixed cost over more 
units of output. Thus, a farmer with 80 or l60 crop acres 
can not reduce his per unit cost by using a 2-plow, 3-plow 
machinery combination. 
Short-run average total cost with custom operations 
Custom operations were not considered in deriving the cost 
curves for Figure 3.1 Farmers with 2-plow or 3-plow 
machinery combinations may consider custom operations, but 
it is difficult to include custom operations in the bud­
geting models. Custom machines may not be available.to the 
farmer when he needs them, causing untimely field operations 
and yield losses to occur. One can not estimate the un­
availability of custom machines. To obtain some estimate of 
the effects of custom operations upon crop production costs, 
custom operations are assumed to be available immediately to 
farmers desiring them. 
Custom machinery operations lower per unit cost by re­
ducing fixed cost per unit and/or untimeliness losses, but 
^Actually custom corn shelling was assumed. The term, 
no custom operation, is used when only custom corn shelling 
is considered. 
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custom operations also cause average variable cost to rise. 
Three machines in the 2-plow combination have relatively 
'large total fixed costs. The combine, corn picker and hay 
baler represent 43 per cent of the total investment for the 
2-plow combination. If these machines are replaced by cus­
tom operations, total fixed cost declines by 50.3 per cent. 
These three machines are also involved in the untimeliness 
losses for the 2-plow combination. Untimely haying and 
untimely corn cultivation cause yield losses even with small 
acreages. There are also some yield losses from untimely 
corn harvesting. Since these three machines affect both 
losses and fixed costs, custom combining, hay baling and 
corn picking are assumed for the 2-plow combination. 
Only custom combining and hay baling are assumed for 
the 3-plow combination. Fixed costs for the combine, corn 
picker and hay baler represent 45.7 per cent of total,fixed 
cost for the 3-plow combination. However, yield losses from 
untimely corn harvesting are relatively small. . Hence, cus­
tom corn picking would result in only small reductions in 
per unit cost, and it is not considered for the 3-plow 
combination. 
The shapes of the average cost curves for the 2-plow 
and 3-plow combinations with custom operations are sur­
prisingly stable (Figure 4). The minimum cost acreages for 
the two machinery combinations are unchanged at l60 and 240 
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crop acres (Table 38). One would expect minimum average 
cost to occur at smaller acreages with custom operations 
because (a) total fixed cost and fixed cost per unit decline 
* 
and (b) total variable cost and variable cost per unit in­
crease. However, the average variable cost curve does not 
shift vertically, but it pivots. Custom operations increase 
variable cost per unit for small acreages, but they decrease 
variable cost per unit for large acreages by reducing yield 
» 
losses from untimely field operations. Hence, custom opera­
tions cause the average total curves for the 2-plow and 
3-plow combinations to shift vertically but not horizon­
tally. 
The relative efficiency of both the 1-man, 1-tractor 
combinations increases tremendously when custom operations 
are assumed. Table 38 indicates the ranges in crop acres 
for which each machinery combination is most efficient. The 
range in acreage for which the 2-plow and 3-plow combina­
tions are most efficient increases 75 and 50 per cent, 
respectively, with custom operations. Consequently, the 
range in acreage for which the 2-plow, 3-plow combination 
had the lowest average cost declines by 54 per cent. In 
addition to increasing the relative efficiency of both the 
2-plow and 3-plow combinations, custom operations reduce per 
unit cost for small acreages. Minimum per unit cost for 80 
and 160 crop acres, respectively, is 45 and 15 per cent 
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Table 38. Cost per dollar of crop product for selected 
machinery combinations and custom operations on 
the Shelby-Grundy-Haig average farm 
Machinery 
combination 
Range in 
crop acreage 
with lowest 
average cost 
Minimum 
average 
cost crop 
acreage 
Minimum 
average 
cost 
2-plow, custom 
3-plow, custom 
2-plow, 2-plow 
2-plow, 3-plow 
3-plow, 3-plow 
0 - 168 
168 - 288 
none 
288 - 400 
360 - 600 
280 
320 
360 
160 
240 
320 
400 
440 
$0.95 
0.91 
1.00 
0.93 
0.93 
larger than for 320 acres when custom operations are not 
considered. With custom operations, minimum per unit cost 
for 80, 160 and 320 crop acres is $1.09, $0.95 and $0.93, 
respectively. Thus, per unit cost for the smaller acreages 
is only 17 and 2 per cent larger, respectively, than for 
320 acres. Custom operations lower costs for the smaller 
acreages by reducing fixed cost per unit. The fixed cost 
per unit for 80 crop acres is reduced by 50 per cent, but 
variable cost per unit increases only 8 per cent. 
To estimate the effect of custom operations, upon cost, 
custom machines are assumed to be available whenever needed. 
However, farmers may have to wait for custom machines to 
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complete field operations on other farms. Consequently, 
untimely operations and yield losses may occur. Under such 
circumstances the cost curves- for both the 2-plow and 3-plow 
combinations in Figure 4 underestimate per unit cost. Since 
the custom machines are used only for harvesting, some of 
the yield losses can be reduced by salvaging grain left in 
the field. Farmers often use their livestock to glean 
fields and to salvage such waste materials. Losses from 
untimely custom operation may be reduced considerably by 
such salvage operation. 
Farmers can also utilize machinery exchange agreements 
to spread fixed costs and to reduce cost per unit. The cost 
curves in Figure 4 indicate the effects of such agreements 
upon per unit costs. However, farmers do not obtain any 
additional labor during critical time periods with machinery 
exchange agreements. Consequently, machinery exchange 
agreements may lead to larger yield losses and smaller cost 
reductions than the custom operations considered above. 
Long-run average total cost without custom operations 
The long-run average cost curve for the average farm without 
custom operations is presented in Figure 5• This envelope 
or planning curve provides estimates of the cost economies 
which can be attained when both acreage and machinery size 
are considered variable. Although minimum cost is achieved 
with 320 to 440 crop acres, per unit cost varies only one 
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Figure 5. Long-run average cost curve for crop production 
on the Shelby-Grundy-Haig average farm 
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per cent from 272 to 496 crop acres. Average cost rises 
rapidly for acreages outside this range. Per unit cost is 
34 and 15 per cent larger than minimum cost for 80 and l60 
crop acres, respectively. 
Per unit cost on the average farm varies 5 per cent or 
less from minimum cost between 232 to 548 crop acres. 
Hence, per unit cost can be considered approximately con­
stant for this range in acres of cropland. The 2-man, 
2-tractor combinations (2-plow, 3-plow and J-plow, 3-plow 
combinations) are the most efficient between 232 and 548 
crop acres (Table 37 and Figure 3). Thus, the long-run 
average total cost curve in Figure 5 indicates that a 2-man, 
2-tractor combination and 232 to 548 acres of cropland are 
required to achieve the major share of the cost economies 
available on the average farm without custom operations. 
Since approximately 1.80 acres of the average soil mixture 
are required to obtain one acre of cropland, 4l8 to 987 
acres of average land are required to obtain 232 to 548 
acres of cropland. 
Long-run average total cost with custom operations 
The envelope curve in Figure 6 indicates the cost economies 
which can be achieved with custom operation on the average 
farm when acreage and machine size are considered variable. 
Custom operations cause the long-run average cost curve to 
shift left and down slightly. The minimum cost acreage 
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changes from 320-440 crop acres (577-649 total acres) with­
out custom operations to 240 crop acres (432 total acres) 
with custom operations. Thus, custom operations reduce the 
acreage required to achieve minimum cost by 25 per cent. 
Per unit cost for the minimum cost acreage is also reduced 
2 per cent with custom operations. 
Per unit cost varies 5 per cent or less from minimum 
cost between 152 and 520 crop acres with cost operations, 
and it can be considered approximately constant for this 
range in acreage. Hence, when custom operations are con­
sidered, the major share of the cost economies available on 
the average farm can be achieved with four combinations of 
land, labor and machinery. They are: (a) the 2-plow 
machinery combination with $996-1,100 of custom work and 
152-168 acres of cropland, (b) the 3-plow machinery combi­
nation with $731-1,215 of custom work and 168-288 acres of 
cropland, (c) the 2-plow, 3-plow machinery combination and 
288-400 acres of cropland and (d) the 3-plow, 3-plow 
machinery combination and 360-520 acres of cropland. The 
first two input combinations are 1-man, 1-tractor combina­
tions, whereas the last two input combinations are 2-man, 
2-tractor combinations. Note that custom operations reduce 
the minimum acreage necessary to achieve constant cost but 
increase the range in acres for which constant cost is 
126 
1 
achieved. 
Short-run and long-run cost curves for the average farm 
have been derived and discussed above. These cost curves 
indicate that most of the cost economies available on the 
average farm can be achieved with either a. 1-man, 1-tractor 
operation and custom operations on a smaller acreage or a 
2-man, 2-tractor operation on a larger acreage. The crop 
production costs which have been considered apply only to 
the average land mixture. Crop rotations, yields, field 
operations and costs change as the land mixture changes. 
Therefore, it is necessary to consider other land mixtures. 
Cost curves for the hilly farm are presented and discussed 
below. 
Hilly farm 
The hilly land mixture contains a lower proportion of 
cropland and a higher proportion of permanent pasture, 
forest, and waste land than the average land mixture (Table 
6). Consequently, more acres of hilly land are required to 
obtain 40 acres of cropland. The rotation on the hilly farm 
also has a lower proportion of row crops and a higher pro­
portion of forage and small grain crops (Table 7). As the 
The minimum acreage required declines from 232 to 152 
acres, and the range in acreage increases from 316 to 386 
acres. 
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rotation changes, the field operations which are untimely 
and cause yield losses also change. Untimely hay harvesting 
and corn cultivation are the operations which cause the 
largest yield losses on the hilly farm. However, untimeli-
ness losses per acre per day are smaller on the hilly farm 
than on the average farm because yields of the hilly farm are 
generally lower, and untimeliness yield losses are calcu­
lated as a proportion of maximum yield. 
Short-run average total cost The cost curves for 
the five machinery combinations on the hilly farm are pre­
sented in Figure 7. The 2-plow and 3-plow machinery combi­
nations are again the most efficient machinery combinations 
for small acreages. As indicated in Table 39, the two 
large machinery combinations, the 2-plow, 3-plow and the 
3-plow, 3-plow, are the most efficient, for larger acreages. 
The 2-plow, 2-plow combination remains relatively ineffi­
cient except for a very small range in acreage, 156-160 crop 
acres. 
Even though the 2-plow combination, the 3-plow combi­
nation and the 2-plow, 2-plow combination are the most 
efficient for small acreages, they are relatively high cost 
combinations. These three combinations, together with the 
2-plow, 3-plow combination, are the most efficient machinery 
combinations for 80, 120, l60 and 320 crop acres, respec­
tively. However, minimum per unit cost for 80, 120 and l60 
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Table 39. Costs per dollar of crop product for selected 
machinery combinations on the Shelby-Grundy-Haig 
hilly farm 
Range in Minimum 
Machinery crop acreage average Minimum 
combination with lowest cost crop average 
average cost acreage cost 
2-plow . 0 - 120 160 $1.30 
3-plow 120 - 156 200 1.24 
2-plow, 2-plow 156 - 160 280 - 320 1.14 
2-plow, 3-plow l60 - 400 320 1.08 
3-plow, 3-plow 340 - 640 320 - 360 1.09 
crop acres is 69, 21 and 14 per cent larger, respectively, 
than for 320 crop acres. Average variable cost is approxi­
mately the same for all these acreages and the accompanying 
machinery combinations. Hence, the differences in average 
total cost must result from differences in average fixed 
cost. Average fixed cost for 80, 120 and l60 crop acres and 
the accompanying machinery combination is 157, 97 and 64 per 
cent larger, respectively, than for 320 crop acres. 
The shapes of the cost curves for the hilly and average 
farms are very similar. Per unit cost is very high for 
small acreages. As acreage increases, per unit cost de­
clines, reaches a minimum and then rises again. With lower 
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yields and proportionately smaller untimeliness losses per 
acre per day, the cost curves on the hilly farm do not rise 
as rapidly after reaching minimum cost as the curves on the 
average farm. Hay harvesting and corn cultivation untimeli­
ness losses begin at relatively small acreages on the hilly 
farm. Since these losses exceed the decline in average 
fixed cost associated with larger acreages, the hilly farm's 
cost curves do not attain minimum per unit cost for a wide 
range in acreage. 
The relative positions, rather than the shapes, of the 
cost curves are affected by the changes in land mixtures. 
The 2-plow and 3-plow combinations have the same hay 
harvesting capacities. Thus, changing'from the average to 
the hilly farm increases the efficiency of machinery combi­
nations containing the 2-plow tractor relative to the 
efficiency of machinery combinations containing the 3-plow 
tractor. The location of the cost curves for the (a) loca­
tion of the 2-plow, (b) 2-plow, 2-plow and (c) 2-plow, 
3-plow combinations is shifted down relative to the location 
of the curves for the 3-plow and 3-plow, 3-plow combina­
tions. The cost curves for the 2-plow and 2-plow, 2-plow 
combinations are shifted vertically since their minimum cost 
acreages are the same on the average and hilly farms. The 
cost curves for the (a) 3-plow, (b) 2-plow, 3-plow and 
(c) 3-plow, 3-plow combinations are shifted to the left 
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because their minimum cost acreages on the hilly farm are 
smaller than on the average farm. 
The vertical shifts in cost curves increase the range 
in crop acreage for which the 2-plow and the 2-plow, 3-plow 
combinations are most efficient by 25 and 15 per cent, 
respectively. As indicated earlier the 2-plow, 2-plow 
combination, an inefficient combination for all acreages on 
the average farm, is efficient for only 156-160 crop acres. 
The change in soil mixtures reduces the range in crop 
acreage for which the 3-plow combination is most efficient 
by 63 per cent. 
Cost per dollar of crop product on the hilly farm is 
larger than on the average farm for each acreage for each 
machine. A comparison of the minimum per unit cost data in 
•Tables 37 and 38 indicates the differences in average total 
cost for the two farms. Minimum average total cost on the 
hilly farm ranges from 14 to 20 per cent higher than on the 
average farm. What causes these differences in per unit 
cost for the two farms ? Total variable crop production cost 
per forty crop acres for each machinery combination differs 
only slightly on the two farms (Table 15). Total fixed crop 
production costs are not affected by changes in soil mix­
tures (Table 16). Consequently, total crop production cost 
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per 40 crop acres for the two farms is the same.1 Differ­
ences in total revenue per 40 crop acres cause the cost 
differences between the two farms. The hilly farm has lower 
yields and a smaller grain acreage than the average farm. 
Hence, with no untimeliness losses, total revenue per 40 
crop acres for the hilly farm is 10 per cent smaller than 
for the average farm. 
Long-run average total cost The long-run average 
cost curve for the hilly farm is presented in Figure 8. 
Changing from an average to a hilly soil mixture does not 
reduce the crop acreage required to achieve minimum per unit 
cost, but the change in soil mixtures does reduce the range 
in acreage associated with minimum per unit cost. Minimum 
long-run average cost is achieved at 320 crop acres (l,06l 
total acres) on the hilly farm versus 320-440 crop acres 
(577-793 total acres) on the average farm. More acres of 
hilly than average soil mixture are required to obtain an 
acre of cropland. Hence, the total acreage of land 
necessary to achieve minimum per unit cost on the hilly farm 
is 84 per cent larger than on the average farm. 
Per unit cost on the hilly farm varies 5 per cent or 
less from minimum cost between 210 and 456 crop acres 
^Total crop production cost does not include land rent. 
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on the Shelby-Grundy-Haig hilly farm 
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(697-1,512 total acres) and can be considered as constant 
for this range in acreage.1 Thus, changing from the average 
to the hilly soil mixture lowers the minimum crop acreage 
required to achieve constant costs by 9.5 per cent and re­
duces the range in crop acreage with constant costs by 22 
per cent. Increases in the relative efficiency of the 
•2-plow, 3-plow combination reduce the minimum acreage re­
quired to achieve constant costs on the hilly farm. Revenue 
losses from untimely hay harvesting and corn cultivation on 
the hilly farm shift the cost curves for the (a) 2-plow, 
3-plow and (b) 3-plow, 3-plow combinations toward the cost 
axis. These cost curve shifts reduce the range in crop 
acreage with constant cost. 
The budgeting results for the hilly farm without cus­
tom operations suggest that a 2-man, 2-tractor combination 
and 697-1,512 acres of land are required to attain the major 
share of the cost economies available in crop production. 
As noted above, 210 to 456 crop acres or 697 to 1,512 total 
acres are required to attain costs which vary 5 per cent or 
less from minimum average total cost (Figure 8). Thus, the 
major portion of the cost economies available are attained 
for this range in acreage. Two machinery combinations, the 
^To achieve constant costs on the average farm requires 
232-548 cropland or 418-987 total land. 
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2-plow, 3-plow and the 3-plow, 3-plow, are the most effi­
cient for this range in acreage (Table 39). Both of these 
machinery combinations involve two men and two tractors. 
No custom operations, other than custom corn shelling, 
are assumed in deriving crop production costs for the hilly 
farm. The effects of custom operations for the hilly farm 
are expected to be the same as on the average farm. The 
short-run cost curves for the 2-plow and 3-plow combinations 
are expected to shift downward until the minimum average 
cost is equal to or less then the minimum average cost for 
larger machinery combinations. Machinery sharing agreements 
are expected to have similar effects upon average total cost 
for both the 2-plow and 3-plow machinery combinations. 
Hence, the range in acreage with relatively constant costs 
would become larger and have a much lower minimum acreage. 
Under these circumstances the major share of the cost econo­
mies available on the hilly farm could be obtained with both 
1-man, 1-tractor and 2-man, 2-tractor combinations. 
Upland farm 
Total fixed machinery cost for the upland farm is less 
than for the average and hilly farms because different 
machinery combinations are assumed (Table 16). There are 
no hay harvesting operations on the upland farm since the 
rotation, CCSb, does not contain any hay crops. Neither a 
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hay baler nor a rake are included in any of the machinery 
combinations for the upland farm. In addition to supporting 
a rotation consisting entirely of row crops, the upland soil 
mixture contains the highest proportion of cropland, 74.31 
per cent (Table 6). Hence, only 56.67 acres of the upland 
soil mixture are required to obtain 40 acres of cropland. 
Short-run average total cost The shape of the 
short-run average total cost curves for the upland farm 
(Figure 9) differs slightly from the shape of the curves for 
-I 
the average farm (Figure 3). Changes in the soil mixture 
and the accompanying changes in rotations and yields cause 
this change in shape. 
Per unit cost for 40 acres of cropland is relatively 
low on the upland farm. Hence, the decline in per unit cost 
from 40 crop acres to the minimum cost crop acreage is also 
relatively small. For acreages greater than the minimum 
cost acreage, per unit cost rises more rapidly on the upland 
farm than on the average farm. Crop production on the 
upland farm is more specialized than on the other farms 
since the rotation consists of two similar row crops, corn 
and soybeans. Specialized row crop production leads to 
large time requirements, relative to the quantity of time 
^Note that the scale used on the vertical axis in 
Figure 9 differs from the scale used in Figures 7 and 8. 
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available, during the no-loss period for planting and 
hoeing. Hence, the large revenue losses from untimely-
operations during these periods cause the cost curve to rise 
sharply after reaching the minimum cost acreage. 
Changing from an average to an upland soil mixture 
shifts the cost curve for each machinery combination down 
toward the acreage axis and left toward the cost,axis. 
Minimum average total cost for each machinery combination on 
the upland farm is lower than on the average farm (Tables 37 
and 40). The minimum average total cost acreage for each 
machinery combination on the upland farm is also smaller 
than on the average farm. Total crop production cost per 40 
acres cropland is smaller on the upland farm than on the 
average farm, but total crop revenue per 40 acres cropland 
is larger on the upland farm.1 Hence, per unit cost for 
each machinery combination and each acreage on the upland 
farm is lower than on the average farm. Since the total 
fixed cost assumed for the upland farm is lower than on the 
average farm, average total fixed cost is also lower (Table 
16). Reductions in average total fixed cost cause minimum 
average total cost to be achieved at smaller acreages. 
Changing from the average to upland soil mixture also 
^Total crop production cost does not include a charge 
for land. 
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Table 40. Costs per dollar of crop product for selected 
machinery combinations on the Shelby-Grundy-Haig 
upland farm 
Machinery 
combination 
Range in 
crop acreage 
with lowest 
average cost 
Minimum 
average 
cost crop 
acreage 
Minimum 
average 
cost 
2-plow 
3-plow 
2-plow, 2-plow 
2-plow, 3-plow 
3-plow, 3-plow 
0 - 8 0  
80 - 180 
none 
l80 - 280 
280 - 400 
120 
l60 
200 
280 - 320 
320 
$0.73 
0.62 
0.67 
0.58 
0.57 
affects the relative position of each cost curve, and, 
hence, the relative efficiency of each machinery combination 
(Table 40). The relative efficiency of combinations con­
taining the 2-plow tractor declines, and the relative effi­
ciency of the combinations containing the 3-plow tractor 
increases. The 2-plow and 3-plow machinery combinations 
have the same capacity in hay harvesting operations, but the 
2-plow combination has considerably less work capacity in 
row crop operations. For example, the 2-plow combination's 
work capacity in plowing, planting, hoeing, cultivating, and 
corn picking operations ranges from 33 to 47 per cent 
smaller than for the 3-plow machinery combination. The 
i4o 
2-plow combination's smaller work capacity for planting and 
hoeing operations causes untimely operations, reduced yields, 
revenue losses, and reductions in its relative efficiency. 
The 3-plow combination's superior capacity for row crop 
operations increases its relative efficiency. 
Although the 2-plow machinery combination declines in 
relative efficiency on the upland farm, it remains the most 
efficient for 80 crop acres or less. From 80 to 16*0 crop 
acres the 3-plow combination is the most efficient. For 
larger crop acreages the (a) 2-plow, 3-plow and (b) 3-plow, 
3-plow combinations are the most efficient. The 2-plow, 
2-plow combination remains relatively efficient for every 
acreage. Although the 2-plow and 3-plow combinations are 
the most efficient for small acreages, their per unit costs 
are relatively high. Thus, the minimum per unit cost for 80 
and l60 crop acres is 38 and 9 per cent larger than for 320 
crop acres. 
Long-run average total cost Changing from the 
average to upland soil mixture has the same effect upon the 
short-run and long-run average total cost curves. In . 
general, the change in soil mixtures shifts the cost curves 
down toward the acreage axis and left toward the cost axis. 
Thus, long-run average total cost for each acreage on the 
upland farm is lower than on the average farm (Figures 5 and 
10). The minimum crop acreage required to achieve minimum 
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Figure 10. Long-run average cost curve for crop production 
on the Shelby-Grundy-Haig upland farm 
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average total cost on the upland farm remains unchanged at 
'320 crop acres, but fewer total acres of land, 453, are 
required. 
The long-run cost curve for the upland farm indicates 
that a 2-man, 2-tractor combination and 196-380 crop acres 
(278-538 total acres) are required to achieve the major 
share of the cost economies available in crop production. 
Average total cost varies 5 per cent or less from minimum 
cost between 196 and 380 acres. Thus, the major portion of 
the cost economies available on the upland farm is achieved 
with this range in acreage. Table 40 indicates that two 
machinery combinations, (a) the 2-plow, 3-plow and (b) the 
3-plow, 3-plow, are the most efficient combinations between 
196 and 380 crop acres. Both of these machinery combina­
tions consist of two men and two tractors. 
Custom harvesting operations are not considered for the 
upland farm, but the effects are expected to be similar to 
those obtained for the average farm. Losses from untimely 
harvesting operations are relatively small on the upland 
farm. Hence, custom harvesting operations would reduce 
fixed cost, but they would have little effect upon har­
vesting losses. Untimely corn and soybean planting and 
hoeing are the operations which cause large yield and 
revenue losses on the upland farm. Substitution of custom 
spraying operation for the hoeing operation could reduce 
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the yield losses associated with untimely hoeing. However, 
the feasibility and profitability of such a substitution 
were not investigated. 
Model I results compared 
The three farms considered in model I have different 
soil mixtures, rotations, yields, field operations, etc. 
Despite these differences, the results .for model I are quite 
similar. Minimum long-run average total cost is achieved at 
the same crop acreage, 320, on each farm. The machinery 
combinations and crop acreages necessary to attain the major 
share of the cost economies available on each farm are also 
similar. It is assumed that resource combinations achieving 
per unit cost within 5 per cent of minimum cost attain con­
stant per unit cost and, hence, the major portion of the 
cost economies available. Table 4l indicates that either a 
2-plow, 3-plow or a 3-plow, 3-plow machinery combination 
and 196 to 232 acres of cropland are necessary to achieve 
constant cost. Thus, the results for model I suggest that a 
2-man,2-tractor combination is necessary to achieve the 
major share of the cost economies available in crop produc-
% 
tion on each farm. 
.^One could also contend that per unit cost should be 
considered constant and that the major share of the cost 
economies had been achieved if per unit cost were within 10 
per cent of minimum cost. Given this contention, constant 
per unit cost can be achieved with a 1-man, 1-tractor combi­
nation on the average and upland farms (Table 4l). 
Table 4l. Machinery combinations and crop acreage necessary to achieve per unit 
cost within 5 and 10 per cent of minimum per unit cost on the three 
Shelby-Grundy-Haig farms without custom operations 
Farms 
5 per cent 
Machinery 
combinations 
Range in 
crop acreage 
10 per cent 
Machinery 
combinations 
Range in 
crop acreage 
Hilly 2-plow, 3-plow 
3-plow, 3-plow 
210 - 456 2-plow, 3-plow 
3-plow, 3-plow 
170 - 504 
Average 2-plow, 3-plow 
3-plow, 3-plow 
232 - 548 3-plow 
2-plow, 3-plow 
3-plow, 3-plow 
192 - 576 
Upland 2-plow, 3-plow 
3-plow, 3-plow 
196 - 380 3-plow 
2-plow, 3-plow 
3-plow, 3-plow 
148 - 394 
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Estimates of the effects of custom operations upon per 
unit cost are made for only the average farm. Custom opera­
tions reduce the acreage required to achieve minimum long-run 
average total cost and constant per unit cost. With custom 
operations the 2-plow and 3-plow combinations are able to 
• 
attain the major portion of the cost economies available. 
Both of these combinations involve only one man and one 
tractor. The effects of custom operations upon per unit 
cost are expected to be similar for all three farms. 
Machinery exchange agreements among farmers are not con­
sidered, but the effects of such agreements upon per unit 
cost should be similar to the effects of custom operations.. 
The estimates of minimum long-run average total cost 
obtained for the three farms differ considerably. Minimum 
per unit cost on the hilly and average farms is 89 and 63 per 
cent greater, respectively, than on the upland farm. The 
total cost of crop production for the minimum cost acreage 
is very similar for the three farms, but total crop revenue 
for the minimum cost acreage is 55 and 82 per cent greater 
on the average and upland farms, respectively, than on the 
hilly farm. However, a charge for land is not included in 
the estimates of total cost, and the revenue from permanent 
pasture production is not included in the estimates of total 
revenue. A different land rent per acre is assumed for each 
farm. Permanent pasture acreages and yields also differ for 
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the three farms. Hence, one would expect the estimates of 
minimum long-run average total cost for the three farms to 
differ. The effects of permanent pasture production upon 
total revenue and per unit cost and the effects of land 
rents upon total cost and per unit cost are considered in 
the two sections which follow. 
Model II 
In model II the farmer is assumed to have a beef cow 
herd which produces feeder calves, and the permanent pasture 
crop is processed through this livestock enterprise. The 
beef cow herd utilizes all the permanent pasture available 
on each farm. Revenue and expenses from the beef cow enter­
prise are included in the total revenue and total variable 
cost of the farm. The size of the beef cow herd depends upon 
the quantity of permanent pasture available on the farm 
•rather than the stock of hay produced on -the farm. Perma­
nent pasture production on the hilly, average and upland 
farms is sufficient to support 19.2, 7.9 and 3.05 beef cow 
units per 40 acres of cropland, respectively. 
Total variable cost and total revenue for crop produc­
tion are not affected by the addition of the beef cow 
^The basis budget for the beef cow enterprise is pre­
sented in Table 154. The labor requirements are presented 
in Table 14. 
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enterprise to the budgeting model. All the costs of the 
beef cow enterprise are considered variable costs. Hence, 
total variable cost and total revenue per 40 crop acres in 
model II will be greater than in model I. However, average 
total cost per dollar of product in model II may be greater 
than, equal to, or less than per unit cost for model I. The 
effect of model II upon average total cost, relative to 
model I, depends upon the relationship between the average 
total cost of beef production and crop production. 
Short-run average total cost 
The shapes of the average total cost curves for beef 
and crop production are not identical, but they are similar. 
The average total cost curve for the beef cow enterprise 
passes through stages of decreasing and increasing cost. 
Labor requirements per head and, hence, per unit cost 
decline as acreage and the size of the beef cow herd in­
crease. Large acreages also lead to untimely hay harvesting 
losses and reductions in hay production. As farm size in­
creases, hay consumption generally exceeds hay production, 
and increasing quantities of hay must be purchased. Hence, 
per unit beef production costs generally increase for very 
large acreages. 
Short-run average total cost curves for the machinery 
combinations on the hilly, average and upland farms are 
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presented In Figures 11, 12 and 13, respectively.1 Changing 
from model I to model II causes only a small change in the 
minimum average cost acreage and in the relative efficiency 
for any machinery combination because the shapes of the 
average total cost curves for crop and beef production are 
similar. The" range in crop acreage for which a specific 
machinery combination has the lowest average cost remains 
nearly the same in the two models (Tables 37, 39, 40 and 
42). Thus, the change in budgeting models causes only small 
horizontal shifts in the short-run average total cost 
curves. 
Changing from model I to model II causes the short-run 
average total cost curves to shift vertically. The cost 
curves for the hilly and average farms shift down toward the 
acreage axis because the per unit cost of beef production is 
less than the cost of crop production. Hence, per unit cost 
for each acreage and each machinery combination in model II 
is smaller than in model I. The reductions in minimum 
average total cost for the five machinery combinations range 
from 3 to 7 per cent and 12 to 18 per cent on the average 
and hilly farms, respectively. Changing from model I to II 
causes the cost curves on the upland farm to shift upward 
^Total cost is defined as all the costs of beef and 
crop production except land rent. 
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livestock product by farm size for selected 
machinery combinations on the Shelby-Grundy-
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Table 42. Costs per dollar of crop and livestock product 
for selected machinery combinations on the 
Shelby-Grundy-Haig farms 
Farm and 
machinery 
combination 
Range in 
crop acreage 
with lowest 
average cost 
Minimum 
average 
cost crop 
acreage 
Minimum 
average 
cost 
Hilly 
2-plow 
0
 
1—1 1 
0
 l60! - 200 $1.06 
3-plow 104 - 160 200 1.03 
2-plow, 2-plow none . 280 - 360 0.98 
2-plow, 3-plow 160 - 360 320 - 360 0.95 
.3-plow, 3-plow 320 - 640 320 - 360 0.95 
Average » 
2-plow 0 - 100 l60 1.05 
3-plow 100 - 192 240 .  0.97 
2-plow, 2-plow none 280 - 360 0.95 
2-plow, 3-plow 192 - 4oo 320 - 44o 0.90 
3-plow, .3-plow 320 - 600 1 0 
CM C
O
 480 0.90 
Upland 
2-plow 0-72 120 0.75 
3-plow 72 - l80 _ 160 0.66 
2-plow, 2-plow none 200 0.70 
2-plow, 3-plow l80 - 280 280 0.62 
3-plow, 3-plow 280 - 400 280 - 320 0.62 
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because the per unit cost of crop production is less than 
the cost of beef production.. The increases in minimum per 
S. 
unit cost for the five machinery combinations range from 3 
to 9 per cent. 
Long-run average total cost 
Long-run average cost curves for the average, hilly and 
« 
upland farms, respectively, are presented in Figures l4, 15 
and 16. The effects of changing from model I to model II 
are similar for the long-run and short-run cost curves. The 
cost curves shift vertically rather than horizontally be­
cause minimum cost is achieved at approximately the same 
crop acreage. Hence, changing from model I to model II 
•i 
reduces, but does not eliminate, the differences in per unit 
cost among farms. With model I, minimum per unit cost for 
the hilly and average farms is 89 and 63 per cent greater, 
respectively, than on the upland farm. With model II, mini­
mum per unit cost for the hilly and average farm is only 53 
and 45 per cent larger, respectively, than on the upland 
farm. 
Changing from model I to model II has relatively little 
effect upon the resource combination necessary to achieve 
the major portion of the cost economies available. To 
attain constant per unit cost and, hence, the major share of 
the cost economies available, a resource combination's per 
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unit cost must fall within 5 per cent of--minimum cost. 
Table 43 indicates that a 2-plow, 3-plow or a 3-plow, 3-plow 
machinery combination and l80 to 220 crop acres are re­
quired to achieve constant per unit cost.1 Either a 2-plow, 
3-plow or a 3-plow, 3-plow machinery combination and 196 to 
232 crop acres, are required to attain constant costs in 
model I. 
Table 43. Machinery combinations and crop acreages 
necessary to achieve per unit cost within 5 and 
10 per cent of minimum per unit cost on the 
three Shelby-Grundy-Haig farms with model II 
5 per cent 10 per cent 
Farms 
Machinery 
combinations 
Range 
in crop 
acreage 
Machinery 
combinations 
Range 
in crop 
acreage 
Hilly 2-plow, 3-plow 
3-plow, 3-plow 
200-524 2-plow, 3-plow 
3-plow, 3-plow 
144-600 
Average 2-plow, 3-plow 
3-plow, 3-plow 
220-568 3-plow 
2-plow, 3-plow 
3-plow, 3-plow 
176-600 
Upland 2-plow,.3-plow 
3-plow, 3-plow 
180-380 3-plow 
2-plow, 3-plow 
3-plow, 3-plow 
106-396 
One could also contend that per unit cost should be 
considered constant, and that the major share of the cost 
economies available had been achieved, if per unit cost were 
within 10 per cent of minimum cost. Given this contention, 
the resource combination necessary to achieve constant cost 
would remain similar for the two models. 
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Land Rent 
A charge for land resources 1s included in the esti­
mates of total cost in this section, and the effects of this 
budgeting change upon the cost curves for each farm are con­
sidered. The charge for land, consisting of an interest and 
tax charge upon the land price assumed, will be referred to 
as a land rent.1 The land rent is assumed to be constant 
per acre, and it is considered a variable cost. Total 
variable cost and average total cost per dollar of product 
for any acreage increase when land rent is considered. The 
average variable cost curve for each machinery combination 
shifts upward and away from the acreage axis. An upward 
shift in the average variable cost curve causes the average 
total cost curve to shift upward, and it may cause minimum 
average total cost to occur at.a smaller acreage. 
Effects of land rent 
Including a charge for land in total cost has only a 
slight effect on the shape and relative position of the 
short-run average total cost curves for the three farms. 
Adding land rent into total cost also causes relatively 
Land rents are not included in the estimates of total 
cost presented in the previous section. See Table 36 and 
Table 134 for the land rents assumed on the three Shelby-
Grundy- Ha ig farms. 
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small horizontal shifts in the average total cost curves. 
The minimum average total cost crop acreage is reduced for 
some machinery combinations, but these acreage reductions 
are less than 40 acres (Tables 44 and 45). The changes in 
> 
the crop acreage for which each machinery combination,is 
most efficient are also relatively small. 
Table 44. Shelby-Grundy-Haig farms : cost per dollar of 
crop product for selected machinery combinations 
when total cost includes a land rent 
Range in Minimum 
Farm and crop acreage average Mininum 
machinery with lowest cost crop average 
combination average cost acreage cost 
Hilly 
$1.82 2-plow 0 - 112 120 
3-plow 112 - 144 160 1.77 
2-plow, 2-plow 144 -, 148 240 1.65 
2-plow, 3-plow 148 - 400 280 1.61 
3-plow, 3-plow 320 - 640 320 1.61 
Average 
o - 96 160 1.60 2-plow 120 -
3-plow 96 - 164 200 - 240 1.51 
2-plow, 2-plow none 240 - 280 1.45 
2-plow, 3-plow 164 - 360 320 1.38 
3-plow, 3-plow 280 - 600 -320 1.38 
Upland 
2-plow 0 - 7 2  120 1.12 
3-plow 72 - 180 160 1.00 
2-plow, 2-plow none 200 1.05 
2-plow, 3-plow 180 - 280 280 0.95 
3-plow, 3-plow 280 - 400 280 - 320 0.95 
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Table 45. Shelby-Grundy-Haig farms : cost per dollar of 
crop and livestock product for selected machinery 
combinations when total cost includes a land rent 
Minimum 
Farm and average Minimum 
machinery .cost crop average 
combination acreage cost 
Hilly 
160 $1.32 2-plow 
160 3-plow - 200 1.29 
2-plow, 2-plow 
280 
280 1.23 
2-plow, 3-plow - 360 1.21 
3-plow, 3-plow 320 - 360 1.21 
Average 
160 2-plow 1.39 
3-plow 
240 
240 1.32 
2-plow, 2-plow - 320 1.29 
2-plow, 3-plow 320 1.23 
3-plow, 3-plow 320 1.23 
Upland 
2-plow 120 1.11 
3-plow l60 1.00 
2-plow, 2-plow 200 1.05 
2-plow, 3-plow 
280 
280 0.96 
3-plow, 3-plow - 320 0.96 
It was assumed earlier that resource combinations 
achieving per unit cost within 5 per cent of minimum cost 
can produce at constant per unit cost, and that these re­
source combinations achieved the major share of the cost 
economies of size available. Adding land rent to total cost 
causes a reduction in the minimum acreage required to 
achieve constant per unit cost. When land rent is 
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considered, at least l60 to 200 crop acres and either the 
(a) 3-plow, (t>) 2-plow, 3-plow, or (c) 3-plow, 3-plow 
machinery combination are required to attain constant cost 
without custom operation. At least 192 to 232 crop acres 
and either (a) the 2-plow, 3-plow or (b) the 3-plow, 3-plow 
combination were required to achieve constant cost when land 
» 
rents are not considered (Tables 4l and 43). Thus, con­
sidering land rent reduces the minimum acreage required to 
achieve constant cost by less than 40 crop acres and indi­
cates that constant cost can be achieved with a 1-man, 1-
tractor combination on the upland farm. 
The effect of both land rent and custom operations is 
considered on only the average farm. If custom operations 
are assumed, adding land rent to total cost has little 
effect upon the minimum cost acreage for any machinery 
combination or upon the range in acreage for which each 
machinery combination is most efficient. However, the mini­
mum acreage required to achieve constant per unit cost de­
clines from 152 to 120 crop acres. The effects of land 
rent and custom operations are expected to be similar for 
other farms. 
The primary effect of including land rent in total cost 
^The upper limit for crop acreage ranges from 376 to 
520 acres. The 3-plow combination can achieve constant cost 
on only the upland farm. 
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is to shift vertically the cost curve for each machinery . 
combination. Average total cost per dollar of product for 
each acreage and machinery combination increases sharply. 
The size of thé vertical shift can be ascertained by ex­
amining the change in minimum average total cost p'er farm. 
The increases in minimum average total cost per farm range 
from 48 to 67 per cent in model I (Tables 37, 39, 40 and 
44) .  In model II the increases in minimum average total 
cost per farm range from 27 to 55 per cent (Tables 42 and 
45) .  
Cost differences among farms 
Cost differences among farms in model I are reduced, 
but not eliminated, by considering model II. The remaining 
differences in average total cost among farms are reduced 
further by including land rent in total cost. Minimum 
average total cost on the hilly and average farms is 69 and 
45 per cent greater, respectively, than on the upland farm 
when land rents are included in model I. Minimum per unit 
cost for the hilly and average farm is only 26 and 28 per 
cent greater, respectively, than on the upland farm when 
land rents are included in model II. Thus, considering 
model II and including land rent in total cost reduce, but 
do not eliminate, the differences in per unit cost among 
farms. 
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What causes the difference in per unit cost among 
farms? These cost differences may be attributed to (a)' 
errors in the data used, (b) an inappropriate product mix or 
(c) disequilibrium in the land market. The estimates of 
crop yields or the input requirements for the three soil 
mixtures may be inaccurate. The product and factor prices 
assumed may not be consistent with market prices. Perhaps 
the crop rotations selected for the three farms are not the 
most profitable. Finally, the market prices for the dif­
ferent soil mixtures may not be consistent with the actual 
differences in productivity. It is difficult to suggest any 
single cause for the cost differences among farms. However, 
the research worker attempts to minimize the effects of the 
first two errors through careful selection of data and the 
product combination. 
Land prices in the study area have risen 172 per cent 
from 1940 to i960 (l4). During this period the price of 
high grade land rose more rapidly (185 per cent) than the 
price of low grade land (150 per cent) or medium grade land 
(164 per cent). These.changes in the relative price of dif­
ferent grades of land are not inconsistent with the hy­
pothesis that some grades of land are overpriced relative ,to -
other grades. However, the changes in relative prices of 
grades of land may merely indicate a price response to dif­
ferential changes in the productivity of the various grades " 
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of land. 
Not only are there differences in minimum per unit cost 
among farms when land rents are considered, but total cost 
exceeds total revenue for every acreage and every machinery 
combination on the hilly and average farms. Thus, the bud­
geting results indicate that the resource returns assumed in 
computing total cost can not be achieved on these two farms. 
Again it is difficult to suggest any single factor causing 
» . 
total revenue to exceed total cost on the hilly and average 
farm. With the product and factor prices assumed it may be 
impossible to find a combination of resources which equates 
total cost and total revenue. Consequently, estimates of 
the changes in (a) the factor price level, (b) land rents 
and prices and (c) the product price level which are re­
quired to equate total revenue and total cost are derived 
below. These estimates will be made for only the resource 
combinations which attain minimum long-run average total 
cost in model II. 
Factor price level Factor prices would have to de­
cline 17 and 19 per cent to equate total revenue and total 
cost on the hilly and average farms, respectively, if the 
product price level remained unchanged. To equate total 
revenue and total cost on the upland farm would require a 4 
per cent increase in factor prices. The index of prices 
paid by farmers in the United States has risen steadily 
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since 1955 (56). Farmers must compete with other sectors of 
the economy for mobile resources, such as capital and labor. 
Hence, in an expanding, growing economy the prices of capi­
tal and labor resources used by farmers are not likely to 
decline even if prices received decline. 
The prices for resources which are used primarily on 
farms may decline as prices received by farmers decline. 
More than 90 per cent of the land in the study area was in. 
farms in 1959 (8?). Land price movements in the study area 
during the 1954-60 period are not inconsistent with the 
hypothesis that the land prices assumed in the budgeting 
model could not be maintained, ceteris paribus, with a $1.00 
corn price level. Estimated land prices for the study area 
increased from 1954 through 1959 despite a general decline 
in the level of prices received. In i960, after three years 
of product prices approaching = those assumed in.the budgeting 
model," estimated land prices for the study area fell 4.24 
per cent. Estimates of land prices which equate total cost 
and total revenue are presented in the following pages. 
Residual land prices Estimates of land prices which 
equate total revenue and total cost are derived by capital­
izing the land rents obtained when a charge for land is not 
considered.^ Only one estimate of land price, the maximum 
^An interest rate of 4.44 per cent is assumed. 
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land price possible if total revenue and total cost are to 
be equal, is derived for each farm. Residual land prices of 
$14, $40 and $251 per acre are obtained for the hilly, 
average and upland farms, respectively.^ The residual land 
prices for the hilly and average farms, respectively, are 
only 1,9 and 30 per cent as large as the prices assumed in 
this study (Table 134). ' The residual land price for the 
upland farm is 13= per cent larger than the assumed price. 
These residual land prices are not presented as estimate's of 
the value of land, but' merely as land prices which equate 
total cost and total revenue in budgeting model II. 
Product price level Corn price levels of $1.21, 
$1:23 and $0.96 are required to equate total revenue and 
total cost on the hilly, average and upland farms, respec­
tively, if total cost remains unchanged. The break-even 
corn price level for the hilly and average farms, respec­
tively, is 21 and 23 per cent greater than the price level 
assumed in the budgeting model ($1.00). The break-even corn 
price level for the upland farm is 4 per cent less than the 
corn price level assumed. Comparisons between the break­
even corn price levels estimated above and the actual price 
level can not be made but the break-even corn prices can be ' 
1 • The value of farm buildings is not included in the 
residual land price, but it is included in the land price 
assumed for the study area. 
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compared with historic corn prices, recent government corn 
support prices and projected future corn prices. 
The average annual corn price per bushel in Iowa 
during the periods 1945-60, 1950-60, 1955-60 was $1.33, 
$1.29 and $1.14} respectively (l4). Government corn support 
prices for only the period 1958-60 are considered here. In 
1958 the minimum national average corn support price per 
bushel was $1.36 for farmers complying with acreage allot­
ments and $1.06 for noncomplying farms. The corn support 
price per bushel declined to $1.12 in 1959 and $1.06 in i960 
(76, 77). A corn price per bushel of $0.80 has been pro­
jected for the period 1960-65 under conditions approximating * 
free production and marketing of agricultural commodities 
(88) .  
The break-even corn prices for all the farms are less 
than the average; corn prices for the 1945-60 and 1950-60 
periods. Only the break-even corn price for the upland 
farm is less than average price for the last five years, 
1955-60. The break-even corn prices for the hilly and • 
average farm exceed all the- government support prices con­
sidered except the 1958 support price for complying farmers. 
Again only the upland farm's break-even corn price is 
smaller than all of the corn support prices cited. Finally,. 
the break-even corn prices for all the farms exceed the corn 
price projected for the 1960-65 period under conditions 
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approximating' free production and marketing of agricultural 
commodities. 
The level of per unit cost in the budgeting models is 
influenced by the price level assumed. Use of the average 
corn price level for either the 1945-60 period or the 1950-
60 period would have caused a substantial reduction in the 
level of per unit cost for each farm. With these two price 
levels, total revenue would exceed total cost for some 
acreage on each farm, or the minimum long-run average total 
cost for each farm would be less, than one. Corn pr,ice 
levels greater than $1.00, such as the support prices and 
the average price for the 1955-60 period, would produce a 
reduction in the level of per unit cost on each farm. Any 
corn price level less than $1.00, such as the price pro­
jected for the I96O-65 period, would cause an increase in 
the level of per unit cost on each farm. 
It would be misleading to place great emphasis upon the 
cost difference among farms or upon the unprofitableness of 
crop production on the hilly and average farm. The objec­
tive in the budgeting models is to estimate the cost econo­
mies associated with varying combinations of machinery and 
land. The cost -curves presented above provide useful esti­
mates of these cost economies even, though the estimates of 
per unit cost may not be as precise or consistent as de­
sired. The relative stability of the cost curve's shape and 
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minimum cost acreage under changing conditions support this 
contention. The short-run cost curves indicate the acreage 
which minimized cost for a given machinery combination. The 
long-run cost curves indicate the combinations of resources 
which attain the major share of the cost economies available 
in crop production. How many farmers in the study area have 
the resource combinations which attain the major share of the 
cost economies available in crop production? In the section 
which follows, an attempt is made to compare the resource 
combinations which attain the major share of the cost econo­
mies available in crop production with the resource combina­
tions used by the farmers in the study area. 
Budgeting Results and the Study Area 
In this section the results for the budgeting models 
are summarized. The resource combinations which achieve 
constant per unit cost and, hence, the major share of the 
cost economies available in crop production are reviewed. 
Then the resource combinations achieving constant per unit 
cost in the budgeting models are compared with the resource 
combinations used by the farmers in the study area. 
Short-run average total cost curves for the five 
machinery combinations have been presented for each farm. 
These short-run cost curves indicate that per unit cost for 
specific machinery combinations declines sharply as acreage 
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Increases. For example, the cost curve for the 3-plow 
combination on the average, farm shows that per unit cost 
declines more than 50 per cent between 40 and 240 acres 
(Figure 3). The series of cost curves for each farm also 
indicate the machinery combination which is the most effi­
cient (has the lowest per unit cost) for a given acreage. 
When custom' operations are not considered, the 2-plow and 
the 3-plow combinations are generally the most efficient for 
192 crop acres or less, depending upon the soil mixture con­
sidered. The two larger machinery combinations, 2-plow, 
3-plow and 3-plow, 3-plow, are the most efficient for larger 
acreages. 
The long-run average cost curve for each farm was ob­
tained by graphically developing an envelope curve for the 
short-run average total cost curves. Long-run average cost 
also declines rapidly as the crop acreage and the size of 
the machinery combination increase. Any resource combina­
tion with per unit cost falling within 5 per cent of minimum 
cost is assumed to achieve constant per unit cost and, hence, 
the major share of the cost economies available in crop 
production. If custom operations are not considered, the 
resource combinations which achieve constant per unit cost 
are: 176-210 or more crop acres and (a) the 2-plow, 3-plow 
or (b) the 3-plow, 3-plow machinery combination on the hilly 
farm; 200-232 or more crop acres and (a) the 2-plow, 3-plow 
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or (b) the 3-plow, 3-plow machinery combination on the 
average farm; 160-196 or more crop acres and (a) the 3-plow, 
(b) the 2-plow, 3-plow or (c) the 3-plow, 3-plow machinery 
combination on the upland farm. All these machinery combi­
nations, except the 3-plow combination, involve .two men and 
two tractors. The acreages cited above are minimum acreages 
required to achieve constant per unit cost. 
Custom operations were considered for only the average 
farm, but their effects upon per unit cost are expected to be 
similar for the other farms. It was assumed that custom 
operation would be available immediately at a constant price 
whenever needed."*" At least 120 to l60 crop acres are re­
quired to a-chieve constant per unit cost on the average farm 
with custom operations. The four machinery combinations 
achieving constant per unit costs are: the 2-plow combina­
tion. and $996 - $1,100 of custom work, the 3-plow combina­
tion and $731 - $1,215 of custom work, the 2-plow, 3-plow 
combination, and the 3-plow, 3-plow combination. The first 
two machinery combinations involve one man and one tractor, 
while the last two machinery combinations involve two men 
and two tractors. 
What proportion of the farmer's in the study area have 
1 
This assumption may not be valid. The effect upon the 
cost estimates of a breakdown in this assumption was dis­
cussed earlier. 
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the resource combinations necessary to attain constant cost? 
There is no precise answer for this question since the data 
available do not allow one to classify farmers in the study 
area by their combination of resources. Farms in the area 
are classified by size, of acreage, but quality of land is 
not considered in this classification. Estimates of the 
'numbers of specific machines are available, but these esti­
mates do not consider age and size of the machines or 
classify farms by numbers of machines per farm. Estimates 
of the total number of farm workers for a year or for 
special periods are also available, but farms are not 
classified by number of workers per farm. In addition, 
useful estimates of the farm work force's compostition and 
its work load are.not available. 
Total acres of land per farm in the study area have 
increased sharply during the past few decades. Increases in 
the acres of cropland per farm have also occurred. From 
195^ to 1959 the average cropland acreage per farm increased 
from 111 to 12b acres (86).1 The data required to estimate 
the distribution of farms by acres of cropland are not 
available for the study area. However, the Censuses of 
Agriculture for 1954 and 1959 classify farms by acres of 
"'"Some of this increase in acres of cropland per farm 
can be attributed to the change in the census definition of 
a farm between 1954 and 1959. 
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cropland harvested (86, 87). The distribution of farms re­
porting cropland harvested by acreage is presented in Table 
46. About 80 and 75 per cent of the cropland in the study 
area was harvested in 1954 and 1959, respectively.^ Hence, 
acres of cropland harvested per farm underestimates the 
acres of cropland actually available per farm. Although it 
underestimates total cropland, per farm, acres of cropland 
harvested per farm is the best estimator available. 
A minimum of l60 acres of cropland is required to 
achieve constant per unit cost if custom operations are not 
considered. Between 54.5 and 87.3 per cent of the farms in 
the study area do not have the cropland resources necessary 
to attain constant per unit cost. At least 120 acres of 
cropland are necessary to achieve constant per unit cost 
when custom operations are considered. Approximately half 
the farms in the study area do not have sufficient cropland 
to attain constant per unit cost even when custom operations 
are considered. 
Machine combinations involving two men and two tractors 
are required to achieve constant per unit cost except on the 
upland farm when custom operations are not considered. The 
budgeting results with custom operations suggest that 
1 Total acres of cropland in the study area consist of 
cropland harvested, cropland used only for pasture, and 
cropland not harvested or pastured. 
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Table 46. Distribution of farms reporting cropland 
harvested by acreage for the study area, 
1954 and 1959a 
• Proportion of farms reporting 
Acres of - • ' cropland harvested 
cropland harvested 1954 - 1959 
Less than 100 acres 
100 to 199 acres 
200 or more acres • 
aBased on Census data (86, 87). 
constant per unit cost can be attained with a 1-man, 
1-tractor operation. Most of the farms in the study area 
have or could have one worker per farm.' How many farms in 
the study area have two or more workers? About 47 per cent 
of the farms hired some labor in 1959, with" an average labor 
hire expenditure per farm of $399 but only 3.6 per cent of 
the farms reported one or more regular hired workers. 
Economic class I, II and III farms averaged about two family 
and/or hired workers per farm during the week October 24-30, 
1954 (86). Class I, II and III farms are units on which the 
total value of all farm products sold is $5,000 or greater 
(86). Approximately 32 per cent of the farms in the study 
area were class I, II or III farms in 1954. By 1959 about 
58.8 ~ '54.5 
32.3 32.8 
8.9. 12. 
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54 per cent of the study area's farms had farm product sales 
of $5,000 or more (87). Thus, It seems reasonable to esti­
mate that between 30 and 50 per cent of the farms have suf­
ficient labor1 for a 2-man operation. 
How many farms have the machinery required for a 1-man, 
1-tractor operation with $731 to $1,215 of custom work or a 
2-man, 2-tractor combination with no custom operations? 
Slightly more than 85 per cent of the farms had one or more 
tractors in 1959 (87). Only 54 per cent of the farms re­
ported expenditures for machinery hire, and the average 
expenditure per farm was $120 per farm. The paucity of data 
on machinery hire makes it difficult to estimate the number 
of farms which.have or could obtain the custom operations 
necessary for constant per unit cost with a 1-man, 1-tractor 
operation. In 1959 about 43 per cent of the farms reported 
two or more tractors per farm. In addition, approximately 
4l, 54 and 40 per cent of the farms in the area reported one 
or more combines, corn pickers and pickup balers or field 
forage harvesters per farm, respectively. Hence, it appears 
that slightly more.than 40 per cent of the farms have the 
machinery necessary for a 2-tractor combination. 
The budgeting results for each farm suggest that a con­
siderable reduction in per unit cost can be obtained by 
adopting the combination of resources which achieve constant 
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1 ' per unit.costi However, the data examined above indicate 
that less than 50 per cent of the farms in "the study area 
hâve the resource combination necessary to achieve the cost 
economies available when custom operations are hot con--
sidered. Only slightly more than half the farms have suf­
ficient cropland to attain the cost economies available when 
custom operations are considered. 
The budgeting results suggest that the resource combi­
nation on many farms in the study area must be enlarged if 
the farmer wishes to attain the cost economies available in 
crop production. It will be impossible for all farms which 
have a high cost resource combination to attain the combina­
tion of land, labor, and machinery which minimizes per unit 
cost. Total land in farms and total acres of cropland in 
the study area have remained relatively stable in the past 
and are unlikely to increase in the future. Thus, increase 
in acres of land"and cropland per farm can be achieved only 
through a reduction in the number of farms in the area. 
Hence, the budgeting results indicate that attempt's by ~ 
farmers to reduce per unit crop production cost are likely 
to lead to a continued reduction in farm numbers within the 
study area in the future. 
^Per unit costs for other resource combinations are 5 
to more than 100 per cent larger than for the resource com­
bination which attains minimum long-run average cost. 
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LINEAR PROGRAMMING RESULTS 
The results for the linear programming models are pre­
sented and discussed in this chapter. In the first two 
sections of the chapter the results for the three basic 
linear programming models and the two soil areas, Shelby- . 
Grundy-Haig and Shelby-Seymour-Edina, are presented. In the 
five sections which follow, the assumption's ma.de in the 
basic linear programming models are modified,' and the 
effects upon the results are considered. Before turning to 
the results, however, the assumptions and the goals of the 
basic linear programming models are reviewed. 
Five specific assumptions are made initially in each of 
the basic linear programming models. They are: 
1. The operator and his family have a specified level 
of efficiency*whlch (a) approximates the efficiency level of 
the average farm in the Iowa Farm Record Summary for the 
study area and (b) is referred to as the medium level,of 
efficiency (31, 32, 33). 
2. Current prices are paid for all inputs not produced 
on farms. A $1.00 corn price level is assumed for farm 
products and farm produced inputs. 
3. The farmer and his family provide the labor re­
quired for all farming operations except hay harvesting. 
Operator-family labor can be exchanged with other farms 
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whenever It is convenient or necessary. 
4. All inputs, except labor, management and machinery, 
are considered variable. However, it is assumed that the 
farmer does not purchase either feed grains or forage, but 
must produce his own supply of each feed. Feed grains can > 
be sold, but forage is not considered a saleable product. 
5. The farm operator has control of a 3-plow machinery 
combination.. Corn shelling is the only custom operation. 
The first four of these assumptions are relaxed in 
subsequent sections of this chapter. 
Although the assumptions for the three basic linear 
programming models are the same, the goals or objectives are 
different. In model I, the objective is to achieve a given 
1 labor-management income with the least cost. The objective 
in model II is to achieve competitive resource returns with 
the least cost. -Maximization of net revenue or income to 
owned factors i-s the objective in model III. 
If factors purchased or hired by the firm are assumed 
to receive competitive returns, then the objective of model 
II applies only to resources owned by the firm, i.e., 
operator-family labor and management. Hence, as indicated 
in Chapter 3, the objective in model II is to achieve a 
specific labor-management income with a minimum total 
"''Refer to Chapter 3 for a definition of cost. 
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i 
variable cost. Other things being unchanged, the solutions 
•'* 
for the linear programming models which maximize return 
above total variable cost also maximize net revenue or in­
come to owned factors. Since the solutions for model I are 
obtained by the variable income constraint method of pro­
gramming, the solutions•for models I, II and III are ac­
quired simultaneously. However, given the firm's resource 
constraints, a feasible solution for model II may not exist. 
Shelby-Grundy-Haig Soil Area 
In this sectipn the results for the three farms in the 
Shelby-Grundy-Haig soil area are presented and discussed. 
The results for models I and III are considered first, and 
then the results for model II are examined. 
Operator-family labor and management are assumed to be 
the only resources owned by the farm family in each pro­
gramming model. To determine the income available to the 
farm family, the cost of all resources other than operator-
family labor and management is subtracted from total 
revenue. The income thus derived is labeled labor-
management income to denote that operator-family labor and 
^Adjusted annual salaries of unskilled, semiskilled 
and skilled Iowa factory workers, respectively, are chosen 
as the specific labor-management income goals in model II 
(Table 18). 
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management are the only owned resources. Labor-management 
income does not represent the cash income available to the 
farm family which owns resources in addition to its labor . 
and management. In the final portion of this section the 
assumptions regarding resource ownership are modified and 
the effects of such modifications upon the farm family1s 
cash income are considered. 
Models I and III 
As stated previously the variable constraint method of 
programming is utilized to obtain the farm plans presented 
below. With this method of programming the income con­
straint is varied from zero to the maximum attainable, given 
the other constraints of the firm. Hence, optimum farm 
plans are obtained for every income level, ranging from zero 
to the maximum attainable income. The optimum farm plans 
indicate the least cost quantities and combinations of vari­
able resources and enterprises for each attainable income 
level. Only the direct programming solutions are presented 
below. The optimum farm plan for each attainable income 
level can be derived from these direct programming solu­
tions. The final programming solution obtained for each 
farm represents the maximum labor-management income plan and 
the maximum net revenue plan. 
Hilly farm The programming solution for the hilly 
l8l 
farm is presented in Table 47 and Figure 17. This single 
solution represents both the maximum labor^management income 
farm plan and the maximum net revenue farm plan. The plans 
for all attainable levels of labor-management income have the 
same organization and differ only in scale. The labor-
management income, total variable cost, activity levels, 
limiting resources and operator-family labor inputs for the 
maximum income-maximum net revenue farm plan are presented 
in Table 47. 
Figure 17 indicates the total variable cost and the 
activities necessary to achieve each level of labor-
management income. For example, a total variable cost of 
$10,000 is required to obtain a labor-management income of 
$292. The farm size required to obtain this income level is 
82.27 per cent as large as the maximum income-maximum net 
revenue farm size. Hence, the optimum farm plan for an in­
come of $292 can be obtained by reducing the scale of the 
maximum income farm plan by 17.73 per cent. Note that farm 
size is measured in terms of total variable cost rather than 
acres in Figure 17. Thus, a hilly farm of 557 acres is 
represented by a total variable cost of $10,000. 
Each activity's contribution to the farm's total net 
return is indicated by its area above or below the cost axis 
in Figure 17, but the levels of the activities and the 
Table 47. Shelby-Grundy-Haig soil area : minimum cost plans for achieving 
varying levels of income for selected soil mixtures, minimum 
efficiency and a $1.00 corn price level 
Soil - Operator-
mixture Total Limiting family 
and Income variable Activities and level resources labor 
plan cost used 
Hilly 
farm 
1 
$ 791 $12,155 Land renting 
CC0MM1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
677 acres 
204 acres 
72 head 
4l litters 
288 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
2,341 
Average 
farm 
1 
37l acres 
140 acres 
66 acres 
1,775 10,997 Land renting 
CCOMA1 
CCOMMgg 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 159 hours 
40 head 
50 litters 
38 tons 
March-April 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,130 
aIncome refers to labor-management income with no reduction for income tax. 
Table 4?. (Continued) 
Soil 
mixture 
and 
plan 
Income0 
Total 
variable 
cost 
Activities and level 
Limiting 
resources 
Operator-
family 
labor 
used 
Average $1,805 $11, 609 Land renting 392 acres 
farm CCOMA1 148 acres 
2 CCOMMGG 69 acres 
Beef cow, 
sell calf J4l head 
1-litter hogs 15 litters 
2-litter hogs .38 litters 
Hay transfer 4l tons 
Hay labor hire 166 hours 
Upland 3,511 10, 065 Land renting 223 acres 
farm CCSb1 158 acres 
2-litter hogs 56 litters 
March-April 
labor 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 
labor 
Cropland 
Feed grain 
2,212 
1,838 
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9000-
1 TOTAL NET RETURN 
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7000 
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COST 
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Figure 17. Minimum cost plans for achieving varying levels 
of income on the Shelby-Grundy-Haig hilly farm 
with medium efficiency and a $1.00 corn price 
level 
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limiting resources are not specified. Factor procuring 
activities have negative net. returns as indicated by the 
area below the cost axis, and product producing activities 
'have positive net returns as indicated by the area above the 
cost axis. Total net return for the farm is the sum of the" 
positive and negative'net return areas. Labor-management 
income for the farm is obtained by subtracting fixed 
machinery costs ($2,134) from total net return. 
The optimum farm plan for the hilly farm is relatively 
simple: only five activities are included. Since two of 
these activities (land renting and hay labor hiring) procure 
resources for the farm, there are only three product pro­
ducing activities in the plan. Little can be said regarding 
factor procuring activities except that the farmer controls 
677 acres of the hilly land mixture and hires 288 hours of 
labor for hay harvesting during the May-August period. 
Of the three alternative rotations considered for the 
Net return for an activity equals total revenue minus 
total variable cost. Total revenue for the crop activities 
is defined as the revenue produced by all crops except hay 
and pasture. Total variable cost for the livestock activi­
ties includes the cost of farm-produced feeds, but does not 
include labor and fixed machinery costs. Note that these 
definitions of total crop revenue and total variable live­
stock cost differ from the definitions used previously to 
calculate net return and cost coefficients. The definitions 
of total variable crop cost and total livestock revenue used 
to calculate net return and cost coefficients are also used 
in constructing the figures. 
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hllly farm, the crop rotation selected (CCOMM^) has the 
highest proportion of row crops. .The•subscript. 1 indicates 
that the CCOMM rotation is fertilized at a high level. Note 
that even with the low price level, $1.00 corn, a high rate 
of fertilization is more profitable than a zero rate of 
fertilization. The programming models assume feed grains 
can not be purchased, but feed grains produced on the farm 
can be sold. All the feed grain produced is fed on the farm ' 
since the grain selling activity is not included in the 
optimum plan. 
The livestock and crop activities in the optimum plan 
must be adapted to each other since feed grains and forage 
can not be purchased. The hog enterprise is used to process 
and market the feed grain produced on the farm. The func­
tion of beef cow enterprise is to process and market the 
rotation hay and permanent pasture crops. Despite its rela­
tively low net return per unit, the beef cow activity is 
included in the optimum plan because it does not Compete 
with the hog activity for feed grains. Two-litter hogs pro­
duce more net revenue per bushel of feed grain than any 
other livestock except the beef cow, calf feeding activity. 
However, a combination of the two-litter hog and beef cow, 
calf selling activities produces the most net revenue per 
dollar of cost and per unit of limiting resource. 
Only four constraints or resources limit the maximum 
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Income plan for the hilly farm. Two of the limiting re­
sources, feed grain and hay, are produced on the farm. 
Cropland, the.third limiting resource, is rented. While 
these three limiting resources help determine the optimum 
organization for the farm, they do not determine•its scale. 
The fourth limiting resource, May-June labor, helps deter­
mine the optimum farm organization, and it also specifies 
the scale of the farm. If more hours of May-June labor 
were available, more land could be rented, and more feed 
grains and hay could be produced. When the labor-management. 
income goal is less than $791, the income constraint, rather 
than the May-June labor restriction, determines the scale of 
the farm. However, the optimum organization of the farm is 
the same for all attainable income goals. 
Although the stock of May-June labor is exhausted in 
the maximum income plan, the pasture restrictions and the 
% 
other labor restrictions are not limiting. Neither of the 
two specific restrictions on crop labor (March-April, oats 
or May-June, corn) are limiting. Expansion of the farm's 
crop acreage is limited by the competition between crop and 
livestock activities for May-June labor and not by the time 
available for crop production. If the farmer were willing 
to work longer hours or able to hire part-time labor during 
the May-June period, crop production could be expanded with­
out incurring crop yield' losses. March-April labor would 
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limit the farm plan if sufficient May-June labor were 
available. 
The single programming solution obtained for the hilly 
farm specifies the least cost organization to obtain each 
dollar of net return. Given the programming model and the 
data, the slope of the net return line in Figure 17 is at a 
maximum. Since labor-management income equals total net 
return minus fixed machinery costs, the slope of the income 
line in Figure 17 is also ât a maximum. Other plans which 
produce the same net return and income may exist, but the 
total cost of such plans will exceed the cost of the optimum 
plan. Since there is only one programming solution for the 
hilly farm, there are no other plans which can produce a 
higher net return or income, even with increased costs. 
More than one programming solution would have been obtained 
for the hilly farm if higher income were attainable at 
higher costs. 
Average farm Figure 18 and Table 47 contain the 
programming solutions or optimum plans for the average farm. 
The farm organizations in optimum plans 1 and 2 are again 
relatively simple with only seven and eight activities, re­
spectively. The rotations selected in the optimum plans, 
CC0MA1 and CCOMMg^, have the highest proportion of row crops 
among the alternative rotations considered. As the sub­
scripts 1 and 0 indicate, cropland A is fertilized at a 
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Figure 18. Minimum cost plans for achieving varying levels 
of income on the Shelby-Grundy-Haig average farm 
with medium efficiency and a $1.00 corn price 
level 
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heavy rate, and cropland B receives no fertilizer. Both 
crop yields and fertilizer response, for cropland B on. the 
average farm are less than for the cropland on the hilly 
farm. Even in the maximum income plan, plan 2, cropland B 
remains unfertilized/ One should hot conclude*from these 
results that it is unprofitable to fertilize cropland B. 
The results do indicate that a zero rate is more profitable 
than a high rate of fertilization, but certain intermediate 
rates may be more profitable than a zero fertilization rate. 
A lack of suitable published data prohibited consideration 
of more than two fertilization rates. 
Both the 2-litter hog and the beef cow, calf selling 
activities are included in the first optimum plan. The hog 
activity is larger while the beef cow activity is smaller 
than on the hilly farm. Since feed grains and forage can 
not be purchased, the farm's livestock production possibili-
* ties are determined by its crop production possibilities. 
The farm's crop production possibilities in turn are deter­
mined by the land mixture. The average land mixture has 
7.24 per cent less permanent pasture and 26.62 per cent more 
cropland than the hilly land mixture. Since the topography 
of the average farm's cropland is less rolling, its rotation 
can include higher proportions of row crops. Crop yields on 
the average farm are also higher than on the hilly farm. 
Thus, an acre of average land can produce more feed grain 
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and less forage than an acre of hilly land. Given the same 
factor-product price ratios, differences in the land mix­
tures cause the differences in the crop and livestock pro­
grams on the two farms. . 
In the second optimum plan 15 litters of the 1-litter 
hog activity are substituted for 12 litters of the 2-litter 
hog activity. The 1-litter hog activity is more efficient 
than the 2-litter activity in utilizing March-April labor, 
a limiting resource. This substitution of hog activities 
releases sufficient March-April labor to expand the farm by 
21 acres. Feed grain and forage production on the 21 added 
acres is sufficient to support three litters of hogs and one 
unit of the beef cow activity. 
Neither of the two crop labor constraints restrict the 
optimum plans. Hence, total labor in critical periods 
rather than crop labor restricts the crop acreage. The peak 
labor requirement period changes from late spring (May-June) 
for the hilly farm to early spring (March-April) for the 
first optimum plan on the average farm. Increases in the 
oats acreage and the 2-litter hog activity cause this shift 
in peak labor requirement. Hay, pasture and feed grains are 
* 
also limiting resources in both plans on the average farm. 
A slight increase in farm size and in the livestock activi­
ties exhausts both March-April and May-June labor in the 
second optimum plan. In contrast to the surplus of 
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permanent pasture on the hilly'farm, permanent pasture pro­
duction on.the average farm can not meet the pasture require­
ments of the beef cow and hog enterprises. Hence, 22 acres 
of rotation hay land are used to provide the needed pasture. 
Total variable cost for plan 2 is $612 greater than for 
plan 1, while labor-management income increases only $30. 
To produce $1.00 of additional income in plan 1 requires 
$6.20 of additional cost. Plan 2 requires $20.40 of addi­
tional cost to produce $1.00 of additional income. Thus, 
plan 2 increases labor-management income, but only at a very 
high cost per dollar of income. The slope of the income 
line in Figure 18 indicates the cost differences per dollar 
of added income for the two plans. 
Upland farm The programming solution for the upland 
» , 
farm is presented in Figure 19 and Table 47. Since it con­
sists of only three activities, this optimum plan is the 
simplest yet considered. The rotation, CCSb^, is fertilized 
at a high rate, includes only row crops, and produces no 
hay. Such an intensive rotation may lead to disease, in­
sect, fertilization and other crop production problems which 
some farmers in the study area have not experienced pre­
viously. Under such circumstances the input-output coeffi­
cients used for the crop activities will be inappropriate. 
Consequently, some farmers may include forage producing 
rotations and forage consuming livestock in their plans for 
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. an upland farm. 
The 2-litter hog activity, which assumes its usual role 
of processing and marketing feed grain and pasture, consumes 
all the feed grain produced on the farm. Permanent pasture 
production on the farm is sufficient to support 7 units of 
the beef cow, sell calf activity. However, the lack of hay 
production excludes the beef cow activity from the optimum 
plan.1 If the rotation included a forage crop, the beef cow 
. activity would probably be included in the optimum farm 
plan, but the net revenue produced by the beef cow activity 
is insufficient to cover the opportunity cost of a less 
intensive rotation and fewer hogs in the present plan. 
March-April labor, cropland and feed grains are the, 
limiting resources in the optimum plan. The stocks of May-
June labor and May-June, corn labor are also nearly ex­
hausted, but the quantity of unused annual labor, 1,087 
hours, is larger than in any of the plans for the other 
farms. Alternative uses for the unused operator-family 
labor, as well as the unused permanent pasture, are dis­
cussed in the following section. 
Hay is also required for hog production. Approxi­
mately 0.9 ton of hay would be required for the 56 litters 
of hogs in the optimum plan. Undoubtedly the farmer can 
purchase such a small amount of forage. 
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Farm plans compared 
The organization of each of the three farms is very-
stable as the level of. the income constraint is varied. 
Only on the average, farm are there two programming solu­
tions, and they differ little. However, the optimum plans 
for the three farms differ widely with regard to organiza­
tion, size and level of labor-management income. The wide 
differences among the plans support the assertion made pre­
viously that consideration of one soil mixture for the study 
area is insufficient. Farm plans which are optimum for one 
soil mixture are not likely to be optimum for another. 
Farm organizations Changes in the soil mixture 
cause shifts within the optimum combination of land renting, 
crop, and livestock activities. The plan for the hilly farm 
consists of four activities - land renting, crop rotation, 
beef cow herd and 2-litter hogs. The plan for the average 
farm is similar with less land renting and some substitution 
of feed grains and hog production for forage and beef cattle 
production. The substitution of feed grain and hog produc­
tion for forage and beef cattle production is completed on 
the upland farm with the elimination of forage crops from the 
rotation and beef cattle from the livestock program. . As the 
topography of the soil mixture becomes more level the farm's 
acreage declines, and a feed grain producing rotation - feed 
•grain consuming livestock complex is substituted for a 
196 
forage producing rotation - forage consuming livestock com­
plex. 
The activities included in the optimum farm plans are 
not independent of each other and are chosen simultaneously. 
However, to understand the organizational changes occurring 
among the farm plans, one must examine the roles of the 
various activities in the plans for each farm. Since a zero 
* 
stock of land is assumed initially, the land renting 
activity must be included in each plan. All of the soil 
mixtures considered include some permanent pasture, but the 
proportion declines as the farm's topography becomes more 
level. Thus, less land is required to obtain an acre of 
cropland on the more level farms. 
Crop activities are required to produce feed for the 
livestock activities since feed grains and forage can not be 
purchased. The crop rotation on the hilly and average farm 
must include some minimum amount of forage for soil conser­
vation purposes. Thus, crop production on these two farms 
necessitates the use of some minimum amount of cropland for 
hay and/or pasture production. No restriction regarding the 
proportion of forage crops in the rotation exists for the 
upland farm. Hence, the rotation can consist entirely of 
row crops. Note that the rotation with the highest propor­
tion of row crops is selected on each farm. 
Feed grains produced on the farm can be sold directly 
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for cash or processed and sold in the form of livestock. In 
each.farm plan the feed grains are processed through the hog 
activities. If the forage produced on the farm is to be 
marketed, it must be processed and sold through the live­
stock activities. The beef cow herd is the major consumer 
of hay and pasture in the farm plans. The quantities of 
forage produced on each farm exceed considerably the forage 
requirements of the hog activities. To enter the optimum 
plan and to utilize this stock of unused forage, the beef 
cow activity must compete with the crop and hog activities 
for the limiting resources. 
The beef cow activity on the hilly farm increases in 
size until the stock of unused hay is exhausted. Permanent 
pasture is not limiting because 32 acres remain unused. The 
unused permanent pasture can be considered a free input. To 
increase the beef cow herd and to utilize the surplus perma­
nent pasture would require the selection of a rotation pro­
ducing more hay and a reduction in hog production. Such a 
change in the organization of the hilly farm decreases in­
come and increases cost. 
Since the rotation on the upland farm consists entirely 
of row crops, there is no stock of unused hay available to 
the beef cow herd. Introducing the beef cow activity into 
the optimum plan would require a new combination of crop 
activities and a reduction in hog production. Partial 
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budgets indicate that forcing seven units' of the beef cow 
activity into the farm plan would not affect cost greatly, 
but would reduce income approximately $130. 
Row crop and hog activities are relatively efficient in 
producing income per unit of limiting labor resource. 
Hence, row crop and hog production increase sharply as the 
topography of the soil mixture becomes more level. The beef 
cow activity is sufficiently profitable to enter the farm 
plan only if a stock of hay is available. Thus, beef cow 
production affects the size of the farm by using limiting 
labor resources, but it does not affect the cropping plan. 
If a stock.of hay is not available, the beef cow activity is 
not sufficiently profitable to enter the optimum plan and 
utilize the free pasture resources. The size of the beef 
cow herd in each farm plan is determined by the availability 
of hay rather than pasture. Given the model and the data, 
these programming results indicate that beef cow herds are 
profitable as processors of surplus forage, but they are not 
profitable enough to cause the farm organization to shift 
toward forage and beef cattle production. 
The optimum plans for the three farms are characterized 
by a rather, high degree of specialization in both crop and 
^Corn and soybeans are the two row crops considered in 
this study. 
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livestock production. To attach great importance to this 
specialization, would be misleading since the number of 
activities in a programming solution can not exceed the 
number of restrictions (70 ). The programming models in this 
study are designed primarily for intermediate and long-run 
planning purposes, and both land and capital are considered 
as variable resources, thereby limiting the number of pro­
gramming restrictions. Long-run price relationships are 
also assumed in the programming models. 
Product-product, factor-factor and factor-product price 
ratios fluctuate in the short run as supply and demand con­
ditions in the.various markets change. These short-run 
price fluctuations may affect the level of income attained 
and the optimum farm organization and size. In addition, 
farmers may not consider land, buildings, livestock equip­
ment and other types of capital as variable resources in the 
short run. Consequently, for short-run planning purposes, 
the farmer may include several additional constraints in the 
programming model. Incorporating these additional con­
straints into the model may change the results by increasing 
the number of activities included in the optimum plan. It 
is not the purpose of this study to consider the effects of 
short-run price fluctuations or constraints upon optimum 
farm plans. Instead, the goal is to provide farmers with 
information and guidance for long-run planning of resource 
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use. 
' Farm size Traditionally acreage has been used as a 
measure of farm size. Maximum income or profit farm size, 
in acres, declines sharply as the proportion of cropland in 
the soil mixture increases. The average and upland farms, 
respectively, contain 42 and 67 per cent fewer acres .than 
the hilly farm. The quantities of labor and capital used 
can also be considered as measures of farm size. The 
average and upland farms are smaller than the hilly farm in 
terms of total labor used, operator-family labor used, total 
capital investment, total annual cash expense and total 
annual variable cost (Tables 47 and 48).1 
Total annual sales per farm have been used repeatedly 
as a measure of farm size (47, 86, 87, 97, 99, 132). Total 
annual sales for the average and upland farms, respectively, 
are 4.5 and 8.1 per cent larger than for the hilly farm 
(Table 48). However, the sales of each farm are large 
p 
enough to classify it as a class II commercial farm. There 
^Total capital investment and total annual cash expense 
are defined in footnotes a and b in Table 48. 
2 In the Census, commercial farms are divided into six 
classes on the basis of total value of all farm products 
sold. In 1954 class II commercial farms were defined as 
those with farm product sales ranging from $10,000 - $24,999 
(86). In 1959 the Census definition of commercial farms was 
revised, and class III commercial farms were defined as 
those with farm product sales ranging from $10,000 - $19,999 
( 8 7 ) .  Using the 1959 definition, each of the farms cited 
above would be classified as a class III commercial farm. 
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Table 48." Total capital Investment, total annual cash 
expense and total annual sales for the optimum 
farm plans on selected Shelby-Grundy-Haig soil 
mixtures with medium efficiency and a $1.00 corn, 
price level . -
Soil mixture 
and plan 
Total capital 
investment3-
Total annual 
cash expense" 
Total annual 
sales 
Hilly 
1 $74,407 $6,936 $14,367 
Average 
1 
2 
69,429 
73,194 
6,2f6 
6,592 
14,327. 
15,014 
Upland 
1 63,453 5,938 15,527 
Total capital investment consists of land value plus 
the average value of machinery, breeding livestock, live­
stock equipment, livestock buildings and crop buildings. 
^Total annual cash expense consists of 1. total annual 
cash expenses for livestock, 2. crop production-, seed, 
fertilizer, shelling and crop building repair costs and 
3. corn buying cost. 
is relatively little variation in size among the three farms 
when total annual sales are used as the criterion. 
Labor-management income The maximum labor-
management incomes produced on the three farms vary more 
widely than the measures of farm size discussed above. The 
maximum incomes for the average and upland farms, respec­
tively, are 128 and 344 per cent larger than for the hilly 
farm. Since the smallest amount of operator-family labor is 
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used on the upland farm,- the differences among farms In In­
come per hour of operator-family labor used are even more 
striking. However, thebe Income differentials among farms 
are not surprising. The results for budgeting model I 
'indicate that average costs per dollar of crop product on 
the hilly and average farms are larger than on the upland 
farm. In the programming results just examined, the upland 
farm's sales are the largest, while its costs, investments, 
and labor inputs are the smallest. 
Sources of additional income Three sources of 
additional income not considered in the programming model 
are available to the farm family. They are: off-farm 
employment of unused operator-family labor, utilization of 
unused- permanent pasture and woodland, and reductions in 
fixed machinery costs. Approximately 20, 24 and 37 per cent 
of the total operator-family labor on the hilly, average and 
upland farms, respectively, is unused. This idle labor is 
available from July to February. If part-time off-farm 
employment were available, some of this idle labor could be 
used to earn additional money income for the farm family. 
There are 29 and 34 acres of unused permanent pasture 
on the hilly and upland farms respectively. The farmer may 
be able to obtain additional money and/or real income by 
either (a) renting or selling the unused pasture, or (b) 
converting the unused pasture to a woodland or a 
.  - 2 0 3  
recreational area. Some farmers may prefer to retain the 
unused pasture and to understock as a strategy against un­
favorable weather conditions. While such a strategy may not 
increase the farmer's income, it should reduce the vari­
ability of his income stream over time. 
Approximately 17.26 per cent of the hilly soil mixture 
consists of woodland which has not been considered in the 
farm plan. Partial budgets for the hilly farm indicate that 
approximately $310 of return to land and labor could be ob­
tained from pulpwood production.^ The farmer could employ 
some of his unused labor to produce pulpwood. Estimates of 
labor coefficients for pulpwood production in the study area 
are not available. Thus, it is not possible to estimate the 
total labor required or the return per hour of labor for the 
pulpwood enterprise. However, the assumption that pulpwood 
production would fit into the optimum plan, provide employ­
ment for unused labor, and increase the hilly farm's income 
does not seem unreasonable. 
Fixed machinery costs can be reduced through custom 
operations and/or joint ownership and use of machinery by 
farmers. Only corn shelling is assumed to be a custom 
^With unmanaged stands of existing species, annual 
yields of 0.3 and 0.5 cord of pulpwood per acre are assumed 
for upland and bottomland soils, respectively. A farm price 
of $10 per cord and a labor-land return of $7.50 per cord 
are also assumed (59). 
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operation in the programming models. The difficulties' in­
volved in considering other custom crop operations were diSr-
cussed in the preceding chapter. Corn picking, hay baling, 
and combining operations lend themselves to machinery ex­
change agreements and, thus, to joint ownership of the 
machines involved. For example, a farmer can work alone 
picking and hauling corn, or, by exchanging labor and equip­
ment, he can work with a neighbor. A joint operation re­
duces the corn picker's fixed cost per acre by spreading its 
total fixed cost over a larger, number of acres.^ The fixed 
cost per acre for corn picking on each farm also declines 
because the total machinery investment on each farm de­
clines. Joint ownership and use of harvesting machines 
causes substantial reductions in the fixed machinery costs 
on each farm. Fixed machinery costs on the hilly, average, 
and upland farm, respectively, decline $482, $457 and $268.2 
Interest, tax, housing, and insurance charges are 
classified as fixed costs. When the use of a machine is 
less than normal annual use, its depreciation charge is 
classified as a fixed cost. When the use of a machine ex­
ceeds normal annual use, its depreciation charge is classi­
fied as a variable cost per acre. 
2 
.On the hilly and average farms the corn picker, com­
bine, and hay baler are assumed to be jointly owned and used 
by two farmers. On the upland farm only the corn picker and 
combine are assumed to be jointly owned and used by two 
farmers. The annual use of each of these machines is . 
doubled, and cost adjustments for machine use exceeding 
normal annual use are made. 
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Fixed machinery costs on the upland farm can also be 
reduced by eliminating unneeded machines from the machinery 
combination assumed. Several of the alternative crop 
activities for the upland farm include oats and forage . 
crops. . Thus, three machines (endgate seeder, rake, and hay 
baler) used primarily for small grain and hay production are 
included in the machinery combination assumed available.1 
Since the rotation in the optimum plan consists entirely of 
row crops, the farmer does not use or need these machines. 
Elimination of these three machines from the machinery com­
bination reduces fixed costs on the upland farm by $440. 
Labor-management income is defined as total net return 
minus fixed machinery cost. Hence, either an increase in 
total net return or a reduction in fixed machinery costs can 
result in a higher labor-management income. No attempt is 
made to estimate the increase in total net return resulting 
from off-farm employment of unused labor and surplus pasture 
utilization.' Estimates of the increase in total net return 
from pulpwood production and the reduction in JTixed machin­
ery costs from changing machinery combinations are made 
above. These two changes would result in maximum labor-
management incomes of $1,583» $2,262, and $4,219.for the 
"*"See Table 118 for a list of the machines included in 
each machinery combination. 
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hilly, average and upland farm, respectively. The income 
gap between any two farms is reduced both absolutely and 
proportionally by these two changes. However, the incomes 
for the average and upland farm, respectively, remain 43 and 
167 per cent larger than for the hilly farm. 
Causes of income differentials Differences in soil 
mixtures should not result in differential labor-management 
returns if resources are allocated optimally and if product 
and factor markets are in equilibrium. However, the returns 
to labor-management resources certainly differ among farms. 
Three explanations for these differences in returns or in­
come can be offered. First, the data used in the study are 
in error. Perhaps the crop yields for the average and hilly 
farm were underestimated, thereby causing net revenue for 
the two farms to be lower than for the upland farm. Second, 
the programming model may not be specified correctly, that 
is, appropriate activities or constraints have been ex­
cluded, while inappropriate activities or constraints have 
been included. Again this type of error could cause the net 
revenue for the hilly and average farm to be lower than on 
the upland farm. The research worker attempts to minimize 
these first two types of error by exercising care in 
gathering data and formulating the model. 
Third, hilly and average soil mixtures may be over­
priced relative to their productivity and relative to the 
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price of the upland soil mixture. Since labor-management 
incomes are computed as residuals, inappropriate land prices 
relationships could cause the income differences among farms. 
Time series land prices for the study area since 194-1 indi­
cate that prices of medium and low grade land have increased x 
less than the prices of high grade land (1.4). Such changes 
in* relative-land prices are not inconsistent with the 
hypothesis that medium and low grade lands are overpriced 
relative to good land. 
Although the differences in labor-management resource 
returns among farms are rather large and important, they 
should not be overemphasized. Differences among labor-
management resources returns in farm and nonfarm uses are 
equally important or perhaps more important. Hence, the 
results for model II are presented in the following section. 
Model II 
The farm's goal in model II is to achieve a labor-
management resource return or income which could be attained 
if the labor and management resources of the operator and 
his family were employed in their best alternative use. The 
three alternative uses considered for the operator's labor 
and management are employment as an unskilled, semiskilled 
or skilled Iowa factory worker. The adjusted annual 
salaries for these three types of employment are considered 
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as competitive labor-management resource returns or income 
goals in this model.1 These three income goals are referred 
2 to as income goals A, B and C.- The procedure used to cal­
culate the income goals for the farm plans can be reversed. 
Hence, it is possible to compute an adjusted annual nonfarm 
salary which is equivalent to the labor-management income 
for each plan on the three farms. Since a fixed nonfarm 
work load of 2,080 hours per year is assumed, the wage rates 
associated with these equivalent nonfarm salaries can also 
be determined. 
Income goals achieved What income goals can be 
achieved on the three Shelby-Grundy-Haig farms ? The plans 
in Table 47 indicate that the maximum income for the hilly 
soil farm is less than the income of an unskilled Iowa 
factory worker, income goal A. Nonfarm employment at a wage 
rate of $0.84 per hour produces an annual income equivalent 
to the maximum income for the hilly farm. The maximum 
^The annual salaries of Iowa factory workers are ad­
justed downward by the estimated cost of nonfarm housing 
(Table 18). 
2 Income goals A, B and C are defined as annual incomes 
of $1,848, $2,992 and $4,656, respectively. 
^This hourly wage rate is obtained by adding the esti­
mated cost of urban housing, $960, to the farm's labor-
management income and then dividing this sum by 2,080, the 
annual nonfarm work load assumed. This procedure for esti­
mating a wage rate which produces a nonfarm income equivalent 
to the adjusted farm income will be used throughout the 
study. 
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income.for the average farm iS" only $43 less than annual 
income goal A. Thus, a nonfarm wage rate of $1.33 per hour 
produces an income equivalent to the maximum income on the 
average farm.. Both income goals A and B can be achieved on 
the upland farm, "but income goal C can not be attained. The 
optimum plans for income goals A and B can be obtained by 
reducing the scale of the maximum income farm organization 
(Table 47) by 70.54 and 90.81 per cent, respectively. The 
points labeled A and B in Figure 19 denote the plans which 
achieve income goals A and B on the upland farm. A nonfarm 
wage rate of $2.15 produces an annual income equivalent to 
the maximum income on the upland farm. _ 
Two sources of additional income not considered in the 
programming model, pulpwood production and/or reductions in 
fixed machinery costs, produce substantial increases in the 
income on each farm.' Even with these two sources of added 
income, income goal A can not be achieved on the hilly farm; 
only income goal A is achieved on the average farm; and in­
come goals A and B are achieved on the upland farm. Nonfarm 
wage rates of $1.22, $1.55 and $2.49 per hour are required 
to produce annual incomes equivalent to the maximum incomes 
for the hilly, average and upland farms, respectively, with 
these two sources of added income. 
To determine labor-management returns in model II, it 
is necessary to subtract charges for all resources, other 
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than operator-family labor and management, from total net-
return. These charges are assumed to be equal to competi­
tive returns for each resource. Given this assumption, the 
results for model II indicate that maximum labor-management 
returns on the hilly, average and upland farm, respectively, 
are less than the adjusted annual income of an unskilled, 
semiskilled and skilled Iowa factory worker.1 The income 
goals assumed in this study are not unrealistically high and 
may be too low. In 1957, approximately 50 per cent of the 
nonfarm families in the United States had family personal 
incomes (before income tax) which were larger than the -
annual salary of a skilled Iowa factory worker. The person 
envisioned as a farmer with a medium level of efficiency 
would probably also have the capacity, under appropriate 
circumstances, to become a skilled factory worker. However, 
only on the upland farm does the maximum labor-management 
income approach the adjusted annual income of a skilled Iowa 
factory worker. 
Historic land prices Land prices, interest rates on 
new loans, and durable input prices have risen sharply since 
19^0 (l4, 56, 62,, 89). The annual cash interest and princi­
pal payments for farmers who purchased land and durable 
^The farmer is assumed to operate with a medium level 
of efficiency. 
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inputs in earlier time periods may be considerably smaller 
than assumed in this study..' Use of historic costs for dur­
able inputs, rather'than opportunity costs, increases the 
• 
farmer's accounting return to labor and management re­
sources. Given the maximum income farm plan, one can easily 
illustrate the change in labor-management income caused by 
using reduced land prices and rents. Table 49 contains 
estimates of the maximum labor-management income for each 
farm when 1950, 1945 and 1941 land prices are used to cal­
culate interest charges for land and land rents. 
The farmer who uses historic or cash interest costs has 
not recognized the effect of capital gains in land value 
( 
Table 49. Maximum labor-management incomes for 1950, 1945 
and 1941 land prices on selected Shelby-Grundy-
Haig soil mixtures with medium efficiency and a 
$1.00 corn price levels-
Years Soil 
mixture 1950 1945 1941 
Hilly $1,124 $1,541 $2,124 
Average 2,192 2,667 3,262 
Upland 3,938 4,473 4,974 
aLand prices for 1950, 1945 and 1941 based on data from 
Gadsby (l4). The interest rate and tax rate used to calcu­
late land rent are presented in Table 134. 
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upon the total value of his assets. Hence, he does not 
deduct any Interest charge on his capital gain in land value 
from total net revenue, and his labor-management income 
rises. Even when'19^1 land prices are used to calculate 
land rents, the farmer's labor-management returns on the 
hilly and average farms, respectively, are less than the 
annual adjusted income for semiskilled and skilled factory 
work. The use of historic costs for durable inputs does not 
eliminate differences in farm and nonfarm labor-management 
returns, and it is not offered as an explanation for these 
differences. 
Causes of income differentials The explanations 
offered previously for the differences in labor-management 
returns among farms can also be offered for the differences 
in' farm and nonfarm labor-management returns. The first two 
explanations, data and model errors, will not be discussed 
again. However, the effect of land prices upon the differ­
ences in farm and nonfarm labor-management returns merits 
further discussion. Renshaw (57) has suggested that land • 
prices in a given period are a function of (a) land prices 
in the previous period and (b) expected farm product prices 
or expected gross farm income. Weighted averages of incomes 
and prices for previous periods are used to calculate ex­
pected incomes and expected prices, respectively. 
Assume that land prices are determined in a manner 
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consistent with Renshaw1s model. During periods of de­
clining farm product prices the marginal value product per 
unit of farm lands will fall, ceteris paribus. Economic 
theory suggests that farm land prices will fall as farm 
product prices fall, but the decline will be lagged relative 
to product prices. Hence, land prices will remain above the 
land prices which are consistent with current farm product 
prices when farm product prices are falling. 
Land prices are also affected by changes in the margi­
nal physical productivity of land. Thus, land prices may 
rise during a period of falling farm product prices if an 
increase in the expected productivity of land more than 
offsets the effect of the decline in expected product 
prices. Estimated farm land prices in the study area in­
creased rather steadily from 1954 through 1959, even though 
farm product prices were declining (l4). The index of 
prices received by Iowa farmers has declined since 1951, and 
the index of prices, interest rates, taxes and wage rates 
paid by farmers in the United States has risen steadily 
since 1954 ( 5 6 ) .  
Corn, oat, soybean, hay and hog prices for Iowa during 
1959 and i960 were very close to the prices assumed in this 
^The effects of increases in the expected productivity 
of land upon land prices may be strengthened or weakened by 
variations in the discount rate used by farmers. 
214 
study (56). Only cattle prices In Iowa during this period 
exceeded the prices assumed in this study. The input prices 
used in the study were estimated 1958-59 input prices for 
the study area. Expected 1958-59 product prices which were 
based on a weighted average of past prices would exceed the 
product prices assumed in the study. Expected 1958-59 input' 
prices which were based on a weighted average of past prices » 
would be lower than the input prices assumed in the study. 
If land prices are based on expected farm product prices or 
if price adjustments in the land market are made slowly, 
then the current land prices and rents which are used in 
this study may exceed the land prices and rents which are 
consistent with the farm product price level assumed. 
The prices of all grades of land in the study area de-
ôlined in i960 after rising for six consecutive years. This 
decline in land prices is not inconsistent with the hypothe­
sis that 1958-59 land prices in the study area and, hence, 
the land prices used in this study exceed land prices con­
sistent with a $1.00 corn price level. Competitive returns 
for operator-family labor and management resources can not be 
attained if the land prices assumed exceed land prices con­
sistent with a $1.00 corn price level. Labor-management 
income is calculated as a residual by subtracting a charge 
for all resources, except operator-family labor and manage­
ment, from total revenue, and these resource charges or 
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costs are assumed to be competitive returns.. Thus, exces­
sive land rents will reduce the returns to- operator-family 
labor and management below a competitive level." 
Residual land rents and prices What land prices and 
rents will allow achievement of (a) equal labor-management 
incomes for the three soil mixtures and (b) competitive 
labor-management returns for the present farm plans? Land 
price deductions of 86 and 54 per cent are required to 
achieve the upland farm's maximum income on the hilly and 
average farm, respectively. To achieve the average farm's 
maximum income requires a 31 per cent reduction and a 54 per 
cent increase in the land price of the hilly and upland 
farm, respectively. Finally, land price increases of 31 and 
85 per cent on the average and upland farm, respectively, 
are necessary to equate the maximum incomes for these two 
farms with income for"the hilly farm. 
Table 50 contains estimates of the land prices and 
rents necessary'to attain each income goal. The land rents 
represent the residual return to land when the costs of all 
inputs other than land have been subtracted from total net 
return. To attain income goal A requires reductions of 33 
and .1 per cent in hilly and average land prices, respec­
tively, and an increase of 52 per cent in the land price of 
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Table 50. Residual land prices and rents per acre which 
allow achievement of income goals A, B and C for 
specific optimum plans on selected Shelby-Grundy-
Haig soil mixtures with medium efficiency and a 
$1.00 corn price level3-
Soil mixture 
and plan 
Income goal 
A B c6 
Hilly 1 
$ 48 $ 22 Land price — 
Land rent 3.12 1.43 -
Average 2 
85 $ 22 Land price 130 
Land rent 8.44 5.52 1.28 
Upland 1 
258 • 143 Land price 337 
Land rent 21^89 16.76 9.30 
aThe interest and tax rates used to calculate the 
residual land prices are presented in Table 134. 
Id The residual land rent for the hilly farm is negative. 
the upland farm.1 Land price reductions of 69 and 35 per 
cent and a price increase of 16 per cent are required to 
achieve income goal B on the hilly, average and upland farm, 
respectively. Income goal C can not be attained on the 
hilly farm even if the price of land is zero, and land price 
reductions of 83 and 36 per cent are necessary to achieve 
^See Table 134 for the land prices and rents used in 
the programming model. 
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this income goal on the average and upland farm, respec­
tively. 
The land prices in Table 50 are not presented as esti­
mates of equilibrium land prices for the conditions assumed 
in the study.' These are merely the land prices necessary to 
produce specific labor-management incomes for each farm 
plan. The farm plans obtained through-linear programming 
depend upon the land prices and rents assumed. Thus, if 
the residual land prices and rents in Table 50 were used, 
the resulting optimum farm organizations could differ from 
those present in Table 47. 
Reductions in land rents would tend (a) to reduce the 
acreage and land investment required to attain a given 
labor-management return and (b) to increase the income co­
efficient and reduce the cost coefficient of the activities 
which are heavy land users. Forage consuming livestock 
activities and forage producing crop activities are heavy 
land users relative to grain consuming livestock activities 
and grain producing activities. Hence, a reduction in land 
rents would tend to increase the income produced per dollar 
of cost for forage oriented activities. Consequently, re­
ductions in land rents might make the farm organization more 
extensive or land using. Increases in land rents will have 
the opposite effect. However, large changes in land prices 
may be required to cause significant changes in the optimum 
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farm organization since a $10 change in land price causes 
• only a $0.65 change in rent per acre. 
Net farm income 
The labor-management incomes estimated for models I and 
II do not represent the income available to farmers owning 
resources in addition to their labor and management. Esti­
mates of the incomes for farmers owning additional resources 
are presented in this section. These income estimates are 
referred to as net farm incomes to distinguish them from the 
labor-management incomes discussed previously. To calculate 
net farm income some assumptions must be made about the 
farmer's ownership of resources, i.e., his equity position. 
The farmer's resources or assets, excluding his labor and 
management, are divided into two classes. Class I assets 
consist of the investment in land and crop buildings. Class 
II assets consist of cash expenses plus the investment in 
machinery, livestock, livestock equipment and livestock 
buildings. The farmer is assumed to have 0, 25, 50, 75 and 
100 per cent equity in class I assets and 33.3» 66.6 and 100 
per cent equity in class II assets. 
Net farm incomes for each farm plan and each equity 
position are presented in Table 51. . Ownership of some re­
sources results in large increases in the net farm income 
available to a farm family. With 0 and 100 per cent equity 
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Table 51. Net farm income for the optimum plans on selected 
Shelby-Grundy-Haig farms with varying levels of 
asset equity, medium efficiency and a $1.00 corn 
.price level 
Per cent equity 
in asset class ' Hilly Averag ;e Upland 
I II Plan 1 Plan 1 Plan 2 Plan 1 
0 0 $ 791 $1,775 $1,805 $3,511 
" 0 33.3 1,420 2,288 2,339 3,883 
0 66.6 2,050 2,801 2,874 4,256 
0 100.0 2,679 3,314 3,409 4,629 
25 33.3 1,983 2,855 2,939 4,461 
25 66.6 2,612 3,368 3,473 4,833 
25 100.0 3,241 3,881 ' 4,008 5,206 
50 33.3 2,645 3,422 3,538 5,039 
50 66.6 3,274 3,935 4,072 5,4ll 
• 50 100.0 3,904 4,448 4,607 5,784 
75 33.3 3,107 3,989 4,137 5,617 
75 66.6 3,737 4,502 4,671 5,989 
75 100.0 4,366 5,015 5,199 6,362 
100 33.3 3,669 4,556 4,735 6,194 
100 66.6 4,299 5,069 5,270 6,567 
100 100.0 4,928 5,582 5,850 6,939 
in class I and II assets, respectively, the net farm incomes 
on the three farms range from 32 to 239 per cent larger than 
with zero equity in both classes of assets. Full ownership 
of all resources results in net farm incomes which are 98 to 
523 per cent larger than the labor-management incomes for 
the three farms. Full ownership of all assets also reduces,' 
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but does not eliminate, the differences in net farm incomes 
among farms. 
Farm family expenditures Net farm income can be 
allocated to five uses : income tax, saving, investment, 
debt repayment and consumption expenditures. Only if the 
total amount of income allocated to the first four uses is 
zero will-net farm income equal consumption expenditures. 
Such an allocation of net farm income seems unlikely and 
unrealistic. However, useful comparisons between the net 
farm incomes in Table 51 and estimates of consumption ex­
penditures by farm families can be made. Net farm income 
must equal or exceed planned family consumption expenditures 
if taxes are to be paid and the family's saving, investment, 
and debt repayment plans are to be realized. 
Records of total cash expenditures for living during 
the period 195-1 to 1955 (28) are available for a selected ' 
group of Iowa farm families. In addition, estimates of 
average expenditure per farm-operator family for consump­
tion, personal insurance, gifts, and contributions in 1955 
for the United States ($3,l4l) and the North Central region 
($3,207) are available (89). Since the estimates of family 
expenditures for Iowa, the United States and the North 
Central region differ only slightly, the Iowa data are used. 
Total cash expenditures for the Iowa farm families were 
relatively stable from 1951 to 1955. For the five years, 
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1951-1955, the mean expenditure per family for all families 
was $3,452. To make this estimate of cash expenditure for 
living per family current, it is adjusted upward for the 
change in the consumer price index from 1955 to .1958 (89). 
Hence, the estimated cash expenditure for living per family 
in 1958 is $3,751. For comparative purposes $3,751 is 
aSsumed to be the planned consumption expenditure goal of 
-
each farm family in the study area. 
A farmer on the hilly farm must have either 50 and 100 
or 75 and 66.6 per cent equity in class I and II assets, re­
spectively, to obtain a net farm income of at least $3,751. 
On, the'average farm the farmer needs either 25 and 100 or 50 
and 66.6 per cent equity in class I and II assets, respec­
tively, to attain a net farm income equal to or greater than 
$3,751. Only 33.3 per cent equity in class II assets is 
required on the upland farm to achieve a net farm income of 
$3,751. 
The farmer's equity position Estimates of the dis­
tribution of farmers by equity in class I and II assets or 
of the mean equity of farmers in these assets are not avail­
able for the study area. In 1959 approximately 67 per cent 
of the farm land in the Corn Belt was owned by farm opera­
tors (8l). A special survey of Great Plains farmers during 
1957 also reveals that 90 per cent of the physical nonreal 
estate assets (livestock, machinery, motor vehicles, stored 
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crops and supplies) used in farming were owned by farm 
operators (8l). Assume that farmers in the study area have 
67 and 90 per cent equity in their class I and II assets, 
respectively. A farmer with this equity position would ob­
tain net farm incomes of $4,031, $4,68l, $4,855 and $6,066 
with the optimum plans for the hilly, average and upland 
farms, respectively. All of these incomes exceed the con­
sumption expenditure goal of $3,751. 
Obviously, many farmers in the study area do not have 
the equity position assumed above. In 1954, approximately 
22 per cent of the farmers in the study area were tenant 
farmers (72). Tenant farmers fall into the first four asset 
equity combinations listed in Table 51. Hence only on the 
upland farm is a tenant farmer able to achieve the expendi­
ture goal of $3,751. 
Not all of the farm families in the study area have 
consumption expenditure goals of $3,751. The Iowa expendi­
ture data were obtained from farms which are larger than the 
average Iowa farm in both acreage and volume of business 
(28). Hence, their cash expenditures for living per family 
may be larger than for farms in the study area. The Iowa 
data also indicate that total cash expenditures for living 
per family vary widely with the maturity of the family. The 
maturing farm family would have an annual consumption ex­
penditure goal of $4,4OÎ, while beginning and retiring farm 
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families would have .goals of only $2,979 and $2,926, respec­
tively.1 
The results for model II suggest that a farmer who has 
a medium level efficiency and faces a $1.00 corn price level 
can not earn competitive labor-management returns, i.e., a 
labor-management income equivalent to the salary of a 
skilled Iowa factory worker. However, the net farm income 
data indicate that a farm family owning sufficient resources 
can achieve the consumption expenditure goal and can survive 
on any of the three farms, even with a $1.00 corn price 
level. As noted earlier, expenditures for income taxes, 
savings, investment and debt repayment are not included in 
the consumption expenditure goal. Consequently, with a • 
$1.00 corn price level, farm families owning few resources 
will have to struggle to earn a satisfactory level of living 
and also save money or acquire equity in the resources 
utilized in the optimum plan. However, farm families owning 
all the resources used in the optimum plan can attain a 
reasonable level of living and also have additional income 
to allocate for savings, investment or debt repayment. 
1 Maturing families are those families whose oldest child 
is 19 years of age or older. Beginning families are those 
families with all children under 9 years of age. Retiring 
families are those families whose children have grown up. 
The goals cited above are 1951-55 mean expenditures per 
family adjusted for changes in cost of living from 1955 to 
1958 (28, 89). 
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•These remarks conclude the discussion of the results 
for the basic linear programming models ($1.00 corn price 
level, average efficiency, only hay labor hiring and no corn 
buying)• on the Shelby-Grundy-Haig farms. 
Shelby-Seymour-Edina Soil Area 
The results of the basic linear programming models for 
the Shelby-Seymour-Edina soil area are presented and dis­
cussed in this section. Since the assumptions of the basic 
linear programming models are presented at the beginning of 
this chapter, they are not repeated here. The results for 
models I and III are considered in the first three parts of 
this section. In the remainder of this section the results 
for model II and the effects of resource ownership upon net 
farm income are considered. 
Models I and III 
The results for the hilly, average and upland farms are 
presented in that order below. Only the direct programming 
solutions for the three farms are considered. The optimum 
farm plans for any attainable level of labor-management in­
come or profit can be derived from the programming solutions 
presented. The final programming solution obtained for each 
farm represents its maximum labor-management income plan and 
its maximum net revenue plan. 
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Hilly farm The two optimum plans for the hilly farm 
are presented in Table 52 and Figure 20. The first optimum • 
plan, which produces a labor-management income of $2,269, 
consists of six activities and four restrictions. Two of 
these activities, land renting and hay labor hire, procure 
resources for the farm. Since a zero stock of land is 
assumed initially, land must be rented. Labor must be hired 
for hay harvesting because it is assumed to be a four-man 
operation with the farmer exchanging labor with a neighbor 
and hiring two teen-age boys. 
• Approximately 33 per cent of the farm consists of crop­
land-, and, in turn, the cropland consists of bottomland 
(cropland A) and upland (cropland B), (Table 6). Two crop 
rotations utilize the cropland on the hilly farm. Of the 
alternative rotations considered for each type of cropland, 
the rotations chosen contain the highest proportion of row 
crops. Since cropland A is bottomland, the rotation 
selected, CCSb^, consists entirely of row crops fertilized 
at a heavy rate. In addition to producing 438 bushels of 
soybeans, cropland A produces 49 per cent of the farm's feed 
grain output in plan 1. To limit soil loss, at least.40 per 
cent of the rotation on cropland B must consist of forage 
crops. Hence, the rotation CCOMM^Q is chosen. Note that 
cropland B is not fertilized in plan 1. 
Two livestock activities utilize the feed grain and 
Table 52. Shelby-Seymour-Edina soil area : minimum cash plans for achieving 
varying levels of income for selected soil mixtures, medium 
efficiency and a $1.00 corn price level 
Soil 
mixture 
and 
plan Income 
Total 
variable 
cost Activities and level 
Limiting 
resources 
Operator-
family 
labor 
used 
Hilly $2,269 $10,221 Land renting 688 acres 
farm C0SbAl 63 acres 
1 CCOMMgo 149 acres 
Beef cow, 
sell calf 45 head 
2-litter hogs 43 litters 
Hay labor hire 180 hours 
2 2,349 10,823 Land renting 611 acres 
CCSbA1 56 acres 
ccommb1 133 acres 
Beef cow, 
sell calf 46 head 
2-litter hogs 46 litters 
Hay labor hire 187 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
May-June 
labor 
Cropland 
Feed grain 
Hay 
2,124 
2,173 
Income refers to labor-management income with no reduction for income tax. 
Table 52. (Continued) 
Soil 
mixture 
and 
plan Incomec 
Total 
variable 
cost Activities and level 
Limiting 
resources 
Operator-
family 
labor 
used 
Average 
farm 
1 
Upland 
farm 
1 
$2,071 $10,492 
2,810 10,250 
2', 824 10,295 
Land renting 
CCSb1 
2-litter hogs 
Lànd renting 
cc$bA1 
CCOMgo 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
Land renting 
CCSb^ 
cco^ 
•Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
412 acres 
166 acres 
52 litters 
233 acres 
149 acres 
18 acres 
5 head 
53 litters 
19 hours 
229 acres 
147 acres 
18 acres 
5 head 
54 litters 
19 hours 
May-June 1,808 
labor 
Cropland 
Peed grain 
March-^April 1,867 
labor 
Cropland 
Peed grain 
Hay 
Pasture 
March-April 1,868 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
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forage produced in the first optimum plan. The beef cow* 
sell calf activity is the primary processor of forage, 
although the hog activity also uses a small amount of' 
forage. The hog activity processes all the feed grain pro­
duced on the farm, since the beef cow activity does not use 
any feed grain, and no direct sales of feed grain are made. 
Although the livestock activities use all the hay and feed 
grain" produced on the farm, some of the permanent pasture 
remains unused. Approximately 3^9 acres of permanent pas­
ture are available in the first plan, but only.213 acres (6l 
per cent) are used, 202 acres by the beef cow activity and 
11 acres by the hog activity. The unused permanent pasture 
could support about 30 head of the beef cow, sell calf 
activity if no other resources were limiting. 
Four resources, May-June labor, cropland, feed grain 
and hay, limit the first optimum plan for the hilly farm. 
The stock of March-April labor is also nearly exhausted. 
The May-June labor restriction is the most important 
limiting resource. If more'May-June labor were available, 
more land could be purchased. With more land, and hence, 
more cropland available, more hay and feed grain could be 
produced. In turn, with increased stocks of feed, the beef, 
cow and hog activities could be increased, and more hay 
harvesting labor would be hired. Although the stock of May-
June labor is exhausted, 27 per cent of the total annual 
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stock of operator-family labor remains unused. This unused, 
labor is available from. July to February. 
The second optimum plan (the maximum income and maximum 
net revenue, plan) produces a slight increase in labor-
management income with a smaller acreage. Capital in the 
form of fertilizer on cropland B is substituted for crop­
land. By using more fertilizer the farmer increases .the 
yield and production of both forage and feed grain, which, 
in turn, allows him to produce more livestock and rent less 
land. Although the second optimum plan produces a slight 
increase in income ($80), each dollar of additional income 
is very expensive in terms of variable cost. In the first 
plan an increase in total variable cost of $4.50 is re­
quired to produce each added dollar of income. From plan 1 
to plan 2, a $7.52 change in total variable cost-is 
necessary to produce each additional dollar of income. .The 
decline in the slope of the income ]JLne in Figure 20 illus­
trates this increase in the variable cost of producing an 
additional dollar of income. 
The change in farm organization from plan 1 to 2 does 
not change the resources which limit the farm plan.1 About 
26 per cent of the total stock of operator-family labor 
^In addition, less than one hour of the stock of March-
April labor is available. 
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remains unused. There are also 88 acres of unused permanent 
pasture which would support 20 head of the beef cow, sell 
calf activity if no other resources' were limiting. 
Average farm Only one optimum plan is obtained for 
the average farm (Table 52 and Figure 21). This plan, which 
produces a labor-management income of $2,071, consists of 
three activities and three limiting resources. The soil 
* 
mixture is a major influence in determining the organization 
of the average farm. The topography of the farm's permanent 
pasture varies from undulating to rolling. Using only slope 
gradient as the choice criterion, some of the farm's perma­
nent pasture can be classified as potential cropland areas. 
It is classified as permanent pasture because shape and 
location with respect to other cropland areas, as well as 
•slope gradient, are used as choice criterion for classifying 
land with regard to use. Thus, there is only one class of 
cropland on the average farm. .Since its topography varies 
from level to undulating, the cropland can support a rota­
tion, consisting entirely of row crops. 
The rotation chosen, CCSb^, consists entirely of row 
crops and is heavily fertilized. The soybeans produced on 
the farm are marketed as a cash grain crop, and the corn 
crop is processed through the 2-litter hog activity. Since 
the crop activity does not produce any hay, beef cattle 
activities can not be included in the optimum plan. 
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Consequently, only 14 of the 222 acres of permanent pasture 
on the farm are used. The remaining 208 acres of unused 
pasture could support 46 units of the beef cow, sell calf 
activity if sufficient hay and labor were available. To 
produce the required quantity of hay would require a change 
in rotations from CCSb to a forage producing rotation. Con­
sequently, the addition of one unit of the beef cow, sell 
calf activity would lead to reduction in soybean, feed 
grain and hog production, which in turn, would increase 
total cost by $23.27 and reduce income by $8.93. 
May-June labor, cropland, and feed grain resources 
limit the maximum income plan. The stocks of March-April 
labor and May-June, corn labor are also nearly exhausted. 
The May-June labor restriction is crucial in determining the 
optimum farm size and organization. If more May-June labor 
were available, more land could be rented and more feed 
grain and hogs could be produced. Although the stock of 
May-June labor is exhausted, 38 per cent of the total annual 
stock of operator-family labor is unused. The unused 
operator-family labor is available primarily from July 
through February. 
Upland farm Table 52 and Figure 22 contain the two 
optimum plans for the upland farm. The organization of the 
optimum plans is strongly influenced by the soil mixture 
available. Cropland for the upland farm is divided into two 
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classes, A and B. . Since cropland A is relatively level, its 
rotation can consist entirely of row crops. Cropland B's 
topography is less level, and at least 25 per cent of the 
rotation for cropland B must consist of forage crops. The 
crop rotations chosen for each class of cropland contain the 
highest possible proportion of row crops. Note that crop­
land B is not fertilized in the first plan. 
The soybeans produced on the upland farm are marketed 
as cash grain. The feed grains produced are processed and 
marketed through the 2-litter hog activity. Neither hay nor 
pasture crops can be sold. Hence, the hay and permanent 
pasture crops are processed and marketed through the beef 
cow, sell calf activity. Small amounts of pasture are also 
used by the hog activity. 
The second optimum plan contains the same activities as 
the first plan, with one exception, and only the levels of 
the activities are changed. Cropland B is fertilized in the 
second plan. A substitution of capital, in the form of 
fertilizer, for land allows the farmer to increase livestock 
production and to reduce total acreage. The limiting re­
sources, March-April labor, cropland, feed grain, hay and 
pasture, are the same for each plan. The stocks of May-June 
labor and May-June, corn labor are also nearly exhausted. 
Total annual operator-family labor is not limiting since 36 
per cent remains unused. 
236 
Four of the limiting resources, feed grain, hay, perma­
nent pasture and land, .can be produced on the farm or pur­
chased. Hence, more of these limiting resources could be 
.obtained if more March-April labor were available. These 
four limiting resources help determine the optimum organiza­
tion, but not the optimum scale of the farm. The March-
April labor restriction affects the optimum farm organiza­
tion and determines the maximum income farm scale. For any 
income goal less than maximum income, the income constraint 
determines the scale of the farm. 
Comparison of plans for farms in the 
Shelby-Seymour-Edina soil area 
The optimum plans for each farm are relatively stable 
as the income constraint is varied. No more than two plans, 
which generally differ only slightly, are .obtained for any 
farm. However, the optimum plans are affected by changes in 
the soil mixture assumed. Comparisons of the plans for the 
three farms on the Shelby-Seymour-Edina soil area are made 
below to determine the effect of changes in the soil mixture 
upon farm size, farm organization and maximum labor-
management income. 
Farm organization As the soil mixture changes from 
hilly to average or upland, the proportion of total land 
which is tillable increases, and the proportion of cropland 
which must be devoted to forage crops declines. Hence, the 
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farmer has to rent less land to obtain a specific acreage of 
cropland, and he can also choose rotations containing a 
higher proportion of row crops. As the soil mixture's 
topography becomes more level, the production of feed grain 
crops and feed grain consuming livestock increases and sub­
stitutes for the production of forage crops and forage con­
suming livestock. As the production of feed grain crops and 
feed grain consuming livestock expands, the total annual 
quantity of operator-family labor used in the maximum income 
plan declines. Note also that the size of the beef cow, sell 
calf activity depends upon the stock of hay and not upon the 
availability of permanent pasture. Since there is no hay 
production on the average farm, the beef cow herd is not 
included in the optimum plan for that farm. 
Farm size Maximum income farm size, measured in 
acres, declines steadily as the proportion of cropland in 
the soil mixture increases. The maximum income acreage for 
the hilly farm is 67 and 167 per cent larger than for the 
average and upland farms, respectively; Both the hilly and 
average farms are larger than the upland farm when total 
capital investment is used as the measure of size (Table 53) .  
The capital investment coefficient for land and the beef cow 
herd are relatively large. Hence, the total capital invest­
ment for the farm tends to rise as these two activities in­
crease in size. The upland farm is the largest of the three 
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Table 53. Total capital investment, total cash expense and 
total sales for the optimum farm plans on 
selected Shelby-Seymour-Edina- soil mixtures, with 
medium efficiency and $1.00 corn price level 
Land mixture Total capital Total annual Total annual 
and plan investment8- cash expense'3 sales 
Hilly 
$68,062 $5,643 . $13,952 1 . 
2 63,122 6,476 14,615 
Average 
1 65,328 6,238 14,424 
Upland 
1 61,318 6,233 14,888 
2 60,576 6,318 15,092 
Total capital investment consists of land value plus 
the average value of machinery, breeding livestock, live­
stock equipment, livestock buildings and crop buildings. 
^Total annual cash expense consists of 1. total annual 
cash expenses for livestock, 2. crop production, seed, 
fertilizer, shelling and crop building repair costs and 
3* corn buying cost. 
farms when total annual sales is used as a measure of size. 
However, in the maximum income plan the sales of all three 
farms are sufficiently large to classify them as class II 
commercial farms.1 
In the 1954 census, class II commercial farms were de­
fined as those with farm product sales ranging from $10,000 -
$24,999 (86). In the 1959 census,.class III commercial 
farms- were defined as those with farm product sales ranging 
from $10,000 - $19*999 (87). Using the 1959 census defini­
tion, each of the farms cited above would be classified as 
a class III commercial farm. 
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Labor-management income The programming results" 
indicate that maximum labor-management income declines as 
the soil mixture's topography becomes more hilly or rolling. 
The maximum labor-management incomes for the hilly and 
average farm, respectively, are 27 and 17 per cent smaller 
than for the upland farm. These income differences among 
farms are substantial. Since the hours of operator-family 
labor used decline as income increases, the differences in 
income per hour of operator-family labor actually used are 
even greater. More information is needed before one can 
conclude that hilly and average soil mixtures produce lower 
labor-management incomes than upland soil mixtures. As sug­
gested earlier, three sources of added income not considered 
in the programming model are available to the farmer.. The 
sources of additional income are: off-farm employment of 
unused operator-family labor, utilization of unused perma­
nent pasture and woodland, and reduction of fixed machinery 
costs. 
Approximately 26, 38 and 36 per cent of the annual 
stock of operator-family labor is not used on the hilly, 
average and upland farms, respectively. This idle labor is 
available from July to February. If part-time, off-farm 
employment were available, this idle labor could be used to 
earn additional income. The largest quantities of unused 
labor are available on the average and upland farms. Hence, 
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part-time, off-farm -employment of the idle labor would not 
reduce the income differential among the farms. 
Although it is not profitable to use all the permanent 
pasture on the hilly and average farms, the farmer may not 
allow it to lie idle. Profitable alternative uses of perma­
nent pasture not considered, in the programming model may be 
available to the farmer. Five of these alternative uses of 
permanent pasture, renting, selling, conversion to woodland 
or recreation area and drought reserve, were discussed pre­
viously. Some of the permanent pasture areas on the average 
farm could be classed as cropland except for their size, 
shape and location. These potential cropland areas are 
? 
suitable for hay production. Hence, the farmer could pro­
duce hay and also continue to use an intensive crop rota­
tion, CCSb, on the average farm.- Under such circumstances, 
the beef caw, sell calf activity might enter the -program to 
utilize the hay and permanent pasture produced. It would be 
necessary to re-program the average farm to estimate the 
effect of this new alternative upon the optimum farm plan 
and its labor-management income. 
Each acre of the hilly land mixture contains approxi­
mately .1192 acre of forest land (Table 6). The cost of 
procuring the forest land is already included in the land 
rent, but pulpwood production from the forest land is not 
considered in the programming model. Partial budget 
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estimates indicate that pulpwood production would increase 
the labor-management income for two hilly farm plans by $225 
and $200, respectively ."*• Estimates of the operator-family 
labor required to produce this additional income from pulp­
wood production are not available, but the unused stock of 
operator-family labor would prôbably meet the labor require­
ment for pulpwood production. 
Corn picking, hay baling and combining operations can 
be adapted to machinery exchange agreements and to joint 
ownership of-the machines involved. Joint ownership and use 
of the machines involved in these operations would reduce 
the fixed machinery costs arid increase the labor-management 
incomes for the hilly, average and upland farms by $457, 
$263 and $452, respectively.2 Since the rotation chosen on 
the average farm contains no small grain or forage crops, 
the farmer can eliminate three machines, the endgate seeder, 
rake and hay baler, from the machinery combination assumed. 
Elimination of these three machines from the machinery 
"Htfith unmanaged stands of existing species, annual 
yields of 0.3 and 0.5 cord of pulpwood per acre are assumed 
for upland and bottomland soils, respectively.. A farm price 
of $10 per cord and a land-labor return of $7.50 per cord 
are also assumed (59). 
2 The corn picker, combine and hay baler are assumed to 
be jointly owned and operated on the hilly and upland farm. 
The corn picker and combine are assumed to be jointly owned 
and operated on the average farm. Annual use of each 
jointly owned and operated machine is doubled. 
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combination reduces the fixed machinery cost and increases 
the labor-management income for the average farm by $440. 
Consideration of pulpwood production and reduced 
machinery costs results in maximum labor-management incomes 
of $3,006, $2,774 and $3,276 for the hilly, average and 
upland farms, respectively. Consideration of these two 
sources of added income reduces, but does not eliminate, the 
differences in labor-management incomes among the farms. It 
s- is unlikely that consideration of the other sources of addi­
tional income suggested above would eliminate the income 
differences among farms. Several alternative explanations 
for the income differences among the Shelby-Grundy-Haig 
farms were suggested and discussed earlier. These explana­
tions also seem appropriate for the income differences 
among the three farms in the Shelby-Seymour-Edina soil area. 
Farm plans for the two soil areas compared 
Three soil mixtures or farms were selected in each of 
the two soil areas considered in the study. The soil mix­
tures chosen for the Shelby-Grundy-Haig soil area are simi­
lar, but not identical, to those chosen for the Shelby-
Seymour-Edina soil area. Consequently, the optimum farm 
plans for similar soil mixtures may differ somewhat. The 
farm organization, farm size and labor-management income 
associated with the optimum plans for similar soil mixtures 
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• from.the two soil areas are discussed below. 
Farm organization The optimum plans for the Shelby-
Seymour-Edina hilly farm and the Shelby-Grundy-Haig hilly • 
farm differ slightly (Tables 4? and 52). The former farm 
produces less roughage and less roughage-consuming livestock 
than the latter. These differences in farm organization are 
caused by differences in the two soil mixtures selected. 
The proportion of the soil mixture classified as cropland is 
approximately the same for both farms, but 29.72 per cent of 
the cropland on the Shelby-Seymour-Edina hilly farm is 
bottomland, cropland A. Cropland A supports à very inten­
sive rotation, CCSb, and has relatively high yields. 
Since cropland A does not produce any hay, hay output 
on the Shelby-Seymour-Edina farm is quite limited, and the 
.beef cow herd is considerably smaller than on the Shelby-
Grundy-Haig hilly farm. If all cropland on the Shelby-. 
Seymour-Edina hilly farm were cropland B, hay production 
would increase considerably. With more hay production, the 
beef cow herd could expand and utilize the surplus permanent 
pasture. Thus, it is apparent that the organizations of the 
two hilly farms would be quite similar if there were no 
bottomland on the Shelby-Seymour-Edina hilly farm. The 
limiting resources are the same on the two farms, but a 
larger quantity of operator-family labor is used on the 
Shelby-Grundy-Haig farm. 
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The difference in the soil mixtures also causes much of 
the difference in the organization of the two average farms. 
Since the cropland on the Shelby-Seymour-Edina farm is rela­
tively level, the rotation can and does consist entirely of 
row crops. Hence, neither hay nor beef cattle are produced. 
As indicated earlier the unused pasture for the Shelby-
Seymour-Edina farm could support 46 head of the beef cow, 
sell calf activity if no other resources were limiting. A 
shift from the CCSb rotation to a forage producing rotation 
and the addition of the beef cow herd would make the optimum 
plan for the Shelby-Seymour-Edina farm very similar to the 
optimum plan for the Shelby-Grundy-Haig farm. The limiting 
resouces for the two farms differ slightly, since March-
April labor, hay and pasture are limiting resources on the 
Shelby-Grundy-Haig farm. Hay and beef cattle production 
cause a larger quantity of the annual stock of operator-
family labor to be used on the Shelby-Grundy-Haig farm. 
The maximum income plans for the two upland farms are 
similar, but a small difference in the soil mixtures causes 
the two farm organizations to differ slightly. The cropland 
on the Shelby-Seymour-Edina farm is divided into two 
classes, A and B, and a forage crop must be included.in each 
rotation for cropland B. Consequently, some hay is pro­
duced, and five head of the beef cow, sell calf activity are 
included in the optimum plan. Hay and beef cattle 
X 
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'production are not included in the optimum plan for the 
Shelby-Grundy-Haig farm since the rotation does not include 
a forage crop. The unused permanent pasture in the optimum 
plan would support seven units of the beef cow, sell calf 
activity if other resources were not limiting. Hence, a" 
slight change in the rotation and the addition of the beef 
cow activity on the Shelby-Grundy-Haig farm would make the 
organizations of the two upland farms even more similar. 
Farm size The maximum income acreage for farms with 
similar soil mixtures differs less than 10 per cent, and 
this acreage difference is smallest for the upland farms. 
Total capital investment on the Shelby-Grundy-Haig farms 
ranges from 5 to 15 per cent larger than for similar farms 
in the Shelby-Seymour-Edina area. These differences in 
investment can be attributed to higher land prices in the 
Shelby-Grundy-Haig area and to differences in the size of 
the beef cow herd. Relatively large capital investment is 
required for the beef cow, sell calf activity. The hours of 
operator-family labor used on the Shelby-Grundy-Haig farms 
range from 2 to 18 per cent higher than on similar farms in 
the Shelby-Seymour-Edina area. Differences in the quantity 
of livestock produced cause the differences in quantities of 
operator-family labor used.. Total variable cost on the 
Shelby-Grundy-Haig farms ranges from 2 per cent smaller to 
11 per cent larger than the cost on comparable Shelby-
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Seymour-Edina farms. Total annual sales in the maximum in-
» 
come 'plans for the three sets of similar farms vary from 2 
to 4 per cent. No matter which measure is chosen, the 
variation in size-among farms with similar soil mixtures is 
less than 20 per cent. Note that the Shelby-Grundy-Haig 
hilly and upland farms represent the extremes with regard to 
all the measures of size discussed above except total capi­
tal investment. 
Labor-management income * The income differences 
among farms with similar soil mixtures are substantial. The 
maximum labor-management incomes for the Shelby-Seymour-
Edina hilly and average farms are 197 and 15 per cent 
greater than the incomes for the corresponding farms in the 
Shelby-Grundy-Haig area. In addition, the maximum labor-
management income for the Shelby-Grundy-Haig upland farm is 
70 per cent greater than the income for the Shelby-Seymour-
Edina upland farm. 
Labor-management income for each farm equals total net 
return minus total fixed cost;1 Fixed machinery cost is 
assumed to be the same for each farm. Hence, the absolute 
difference in total net return between similar farms is the 
same as the absolute difference in labor-management income. 
"1 
Total net return for each farm equals the positive net 
returns from product producing activities minus negative net 
returns from resource procuring activities. 
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Figures 17 through 22 provide some information regarding the 
source of total net return and income differences between 
farms with similar soil mixtures. 
Figures 17 and 20 contain the optimum plans for the 
two hilly farms. The negative net returns from renting land 
and hiring hay labor are higher for the Shelby-Grundy-Haig • 
hilly farm, while the positive net returns from both crop 
and livestock activities are smaller. More land is used, at 
a higher rental rate, and more labor is hired on the Shelby-
Grundy-Haig farm. About 38 per cent of the difference in 
labor-management incomes can be attributed to differences in 
negative net returns. Differences in positive net returns 
account for about 62 per cent of the income difference be­
tween farms. Net returns from livestock are higher on the 
Shelby-Grundy-Haig farm, nearly offsetting the difference in 
negative net returns cited above. Variation in the size of 
the beef cow herd causes the difference in livestock net 
returns between farms. The really large difference in in­
comes between the two farms arises from the large difference 
in positive net returns, to crop activities, which are 96 per 
cent larger on the Shelby-Seymour-Edina farm. The cropland 
on the Shelby-Seymour-Edina farm supports a higher yielding 
rotation with a high proportion of row crops. Thus, the net 
return area for crop activities in Figure 20 is considerably 
larger than in Figure 17. 
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The income difference between the two average farms is 
the smallest for the three pairs of farms considered. The 
total positive net revenues for the two farms are nearly the 
same. Thus, the resource procuring or negative net return 
activities are the major source of income difference. Land 
renting costs are approximately the same for the two farms.. 
Hence, as indicated in Figures 18 and 21, the difference in 
the quantity and cost of hay harvesting labor hired is the 
cause of the income difference between the two plans. 
Both- the negative net returns and the positive net 
returns for the Shelby-Grundy-Haig upland farm are larger 
than for the Shelby-Seymour-Edina upland farm. However, the 
difference in positive net returns more than offsets the 
difference in negative net returns. The positive net re­
turns to livestock are nearly equal for the two farms. As 
indicated in Figures 19 and 22, the crop net returns for the 
Shelby-Gruridy-Haig farm are larger than for the Shelby-
Seymour-Edina farm. Thus-, the difference in net returns to 
crop activities causes the income difference between the two 
upland farms. 
The Shelby-Grundy-Haig hilly and upland farms, respec­
tively, have the lowest and highest labor-management income 
among the six farms considered. While it is still substan­
tial, the variation among the maximum labor-management in­
comes for the other four farms is considerably smaller than 
249 
for the Shelby-Grundy-Haig hilly and upland farms. Con­
sideration of the two sources of additional income, pulpwood 
production and fixed machinery cost reductions, does not 
affect the absolute income differences, but does reduce the 
relative income differences among farms. The probable 
causes of income differences among farms, which were dis­
cussed earlier, will not be enumerated here again. The in­
come differences among farms are important, but it is also 
important to compare the labor-management returns or incomes 
for the Shelby-Seymour-Edina farms with incomes from nonfarm 
employment. Farm and nonfarm incomes are compared below in 
the discussion of the results for model II. 
Model II 
The farmer's objective in model II is to achieve a 
competitive labor-management resource return or income. The 
adjusted annual salaries for unskilled, semiskilled and 
skilled Iowa factory workers, which are considered as com­
petitive resource returns for the Shelby-Grundy-Haig farms, 
are also assumed to be competitive resource returns or in­
come goals for the Shelby-Seymour-Edina farms.1 In future 
discussions the adjusted annual salaries will be referred to 
The annual salaries for Iowa factory workers are re­
duced by the estimated annual cost of urban housing. See 
Table 18. 
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as income goals A, B and C.1 Since the procedures used to 
calculate the three income goal's can be reversed, an ad­
justed annual nonfarm salary and its associated wage rate 
can be computed for the labor-management income in each farm 
plan. 
Income goals achieved The maximum labor-management 
income on the hilly farm is greater than the adjusted annual 
salary of an unskilled factory worker, income goal A, but is 
less than the adjusted annual salaries of semiskilled and 
skilled factory workers, income goals B and C. Nonfarm 
employment at an hourly wage rate of $1.59 produces an 
annual income equivalent to the maximum income on the hilly 
farm. Since the labor-management income for the first opti­
mum plan on the hilly farm is greater than $1,848, a 9.6 per 
cent reduction in the scale of the first optimum plan is 
p 
.necessary to obtain the optimum plan for income goal A. 
The activities and limiting resources contained in the two 
plans are the same, except that May-June labor is no longer 
a limiting resource. 
The maximum labor-management income for the average 
farm is also greater than the adjusted annual salary of an 
^Income goals A, B and C represent annual incomes of 
$1,848, $2,992 and $4,656, respectively. 
2 Point A on the cost axis in Figure 20 represents the 
optimum plan for income goal A. 
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unskilled factory worker, but is less than the adjusted 
annual salary for a semiskilled or skilled factory worker. 
Achievement of an adjusted nonfarm.salary equivalent to the 
maximum income for the average farm would require employment 
at a wage rate of $1.46 per hour. A 5.3 per cent reduction 
in the average farm's maximum income plan is required to 
obtain the.optimum plan for income goal A. Point A on the 
cost axis in Figure 21 represents the optimum plan for in­
come goal A. 
The maximum labor-management income for the upland farm 
is $168 less than income goal B. Hence, the maximum labor-
management return exceeds the adjusted annual salary of an 
unskilled factory worker, but is less than the adjusted 
annual salary of a semiskilled or skilled factory worker. 
Nonfarm employment at an hourly wage rate of $1.82 produces 
an income equivalent to the maximum income for the upland 
farm. A 19.5 per cent reduction in the scale of the first 
optimum plan is required to obtain the optimum plan for 
income goal A. Point A on the cost axis in Figure 22 repre­
sents the optimum plan for income goal A. 
The effects of two sources of added income, pulpwood 
production and a reduction in fixed machinery costs, were 
considered in the discussion of the results for models I and 
III. With these two sources of added income, income goal A 
can be achieved on all three farms; income goal B can be 
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achieved on the hilly and upland farms, and income goal C 
can not be achieved on any of the farms. Nonfarm employment 
at hourly wage rates of $1.91, $1.80 and $2.04 is necessary 
to produce adjusted annual salaries equivalent to-the maxi­
mum labor-management incomes for the hilly, average and 
upland farms, respectively, when these added sources of in­
come are considered. 
In model II all the costs (except labor, management and 
fixea machinery costs) incurred by an activity are sub­
tracted rrom its revenue. In turn, fixed machinery costs 
are ..subtracted from the farm's net return to obtain labor-
management returns or income. The costs used in each calcu­
lation are assumed to be competitive returns for the re­
sources used. The results for model II indicate that labor-
management returns for the Shelby-Seymour-Edina farms are 
equal to or greater than the adjusted annual salary of a: 
semiskilled and unskilled Iowa factory worker and smaller 
than the adjusted annual salary of a skilled Iowa factory 
worker. Since a relatively modest income is assumed for a 
skilled Iowa factory worker, income goal C is also rather 
modest. The assumption that a farmer with a medium effi­
ciency level can, under appropriate circumstances, become a 
skilled factory worker is not unreasonable. Given this 
assumption and the factor costs assumed, the results for 
model II suggest that a farmer with a medium efficiency 
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level and à $1.00 corn price level can not earn competitive 
labor-management returns on the Shelby-Seymour-Edina farms. 
Historic land prices Farmers who purchased land in 
earlier periods may use historic land prices and interest 
rates to calculate their land rents and thereby increase the 
residual accounting returns to their labor and management 
resources. An increase (decrease) in land renting costs 
causes a decrease (increase) in the labor-management income 
for a given farm plan because labor-management incomes are 
computed as residuals. Land renting costs are directly re­
lated to land prices since the land renting cost in each 
programming model consists of an interest and tax charge on 
the market value of land. 
The effects of lower land prices upon the maximum 
labor-management incomes for the maximum income plans are 
illustrated in Table 54.1 Lower interest rates have the 
same effects as lower land prices upon labor-management in­
comes. With 1950 land prices and the present farm plans, 
income goal B can be achieved only on the upland farm. In­
come goal B can be achieved on every farm with 1945 and 1941 
land prices, but income goal C can not be achieved on any 
The last program solution obtained for each farm in 
models I and III represents the. maximum labor-management 
income and the maximum net revenue plan. These plans are 
presented in Table 52. 
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Table 54. Maximum labor-management Incomes for 1950, 1945 
and 1941 land prices on selected Shelby-Seymour-
Edina soil mixtures with medium efficiency and a 
$1.00 corn price level8-
Years 
Land mixture 1950 1945 1941 • 
Hilly 
2 $2,633 $2,988 $3,% 
Average 
1 2,554 3,149 3,892 
Upland 
2 3,220 3,717 4,183 
aLand prices for 1950, 1945 and 1941 are based on data 
from Gadsby (l4). 
farm. Thus, given the present farm plans, even a reduction 
in land prices to the 1941 level is insufficient to make the 
farmer's residual labor-management returns equivalent to the 
adjusted annual salary of a skilled factory worker. The. use 
of historic land rents does not eliminate the income differ­
ences among farms, and it is not offered as an explanation 
for these income differences. 
Residual land rents and prices Cost of all inputs, 
other than labor and management, are subtracted from total 
revenue to determine residual labor-management income. 
Given the present farm plan this procedure can be changed 
255 
to calculate residual land rents and prices which allow 
achievement of (a) equal labor-management returns for the 
three soil mixtures or (b) competitive labor-management re­
source returns when three alternative skill levels are con­
sidered. 
A 16 per cent increase and an 8 per cent decrease in 
the land prices of the average and upland farms, respec­
tively, would be required to achieve the maximum income for 
the hilly farm. Land price increases of 10 and 26 per cent 
for the hilly and upland farms, respectively, are required 
to achieve the maximum labor-management income for the 
average farm. Finally, to achieve the maximum income for 
the upland farm, land price reductions of 17 and 22 per cent 
for the hilly and average farms, respectively, are required. 
Table 55 contains estimates of land rents and prices 
which would allow achievement of income goals A, B and 0- for 
specific optimum plans. These land prices are obtained by 
capitalizing the residual return to land after all costs 
other than land have been considered. To meet income goal A 
requires increases in land prices ranging from 7 to 32 per 
cent for the three farms. Reductions in land prices ranging 
from 5 to 25 per cent are required to achieve income goal B. 
To attain income goal C requires land price reductions 
ranging from 6l to 85 per cent. 
The land rents and prices in Table 55 are not estimates 
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Table 55. Residual land prices and rents per acre which 
allow achievement of income goals A, B and C for 
specific optimum plans on selected Shelby-
Seymour-Edina soil mixtures with medium effi­
ciency and a $1.00 corn price level3-
Soil mixture Income goal 
and plan A B C 
Hilly 2 
$ 8l $ 52 o
.
 
Land price 
o
.
 
Land rent 5.24 3.37 0.64 
Average 1 
134 Land price 92 29 
Land rent 8.72 5.94 1.91 
Upland 2 
266 Land price 190 78 
Land rent 17.31 12.31 5.05 
aThe interest and tax rates used to calculate the 
residual land prices are presented in Table 134. 
of the equilibrium land prices and rents which would exist 
under the conditions assumed in this study. Use of the 
residual land prices and rents from Table 55 in the program­
ming models might result in optimum farm plans which 
differed from those presented in Table 52. However, as 
indicated earlier in the discussion of the effects of land 
rent changes, large changes in land prices and rents may be 
required to cause significant changes in the optimum farm 
plans. 
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Causes of income differentials The causes of income 
differences among farms within a soil area and between farms 
with similar soil mixtures were discussed previously. No 
additional comments will be made here. 
r 
Net farm income 
The incomes discussed above are labor-management in­
comes. In deriving labor-management incomes, the assumption 
is made that the farmer does not own any resources other 
than operator-family labor and management. However, many 
farmers own additional resources such as land, etc. As the 
farmer's equity in these additional resources increases, his 
income, here referred to as net farm income, also increases. 
Table 56 contains estimates of the net farm income produced 
by each optimum farm plan as the farmer's equity in class I 
1 
and II assets increases.. . 
The net farm incomes, with 100 per cent equity in class 
II assets, range from 42 to 68 per cent larger than incomes 
with zero equity (labor management.incomes). With complete 
ownership of all resources the net incomes for the three 
farms are 118 to 117 per cent larger than the labor-
The farmer's resources, other than labor and manage­
ment, are divided into two classes. . Class I assets consist 
of his investment in land and crop buildings. Class II 
assets consist of his cash expenses plus his investment in 
machinery, livestock, livestock equipment and livestock 
buildings. 
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Table 56. Net farm incomes for the optimum plans on 
selected Shelby-Seymour-Edina farms with varying 
levels of asset equity, medium efficiency and a 
$1.00 corn price level 
equity^in — : —: — 
asset class Hilly .Average Upland 
I II Plan 1 Plan 2 Plan 1 Plan 1 Plan 2 
0 0 $2,269 $2,349 $2,071 $2,810 $2, 824 
0 33.3 2,778 2,882 2,444 3,202 3,220 
0 66.6 3,287 3,416 2,818 3,594 3,616 
0 100.0 3,796 3,949 3,191 3,986 4,012 
25 33.3 3,324 3,367 3,046 3,748 3,746 
25 66.6 3,833 3,901 3,420 4,l4l 4,142 
25 100.0 4,342 4,434 3,793 4,533 '4,538 
50 33.3 3,869 3,852 3,648 4,295 4,273 
50 66.6 4,378 4,385 4,021 4,686 4,668 
50 100.0 4,887 4,919 4,395 5,079 5,064 
75 33.3 4,415 4,336 4,249 4,841 4,799 
75 66.6 4,924 4,870 4,623 5,233 6,595 
75 100.0 5,433 5,403 4,996 5,625 5,591 
100 33.3 4,961 4,821 4,851 5,387 5,370 
100 66.6 5,470 5,354 5,224 5,779 5,766 
100 100.0 5,979 5,888 5,598 6,172 6,162 
management income. The net incomes for the Shelby-Seymour-
Edina farms differ less than 10 per cent with 100 per cent 
asset equity. Increased asset equity on the Shelby-Seymour-
Edina farms does not produce as large an increase in net 
farm income as on the Shelby-Grundy-Haig farms (Table 51). 
However, with 100 per cent asset equity, the net farm 
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incomes for the Shelby-Grundy-Haig average farm and the 
three Shelby-Seymour-Edina farms are quite similar. The 
Shelby-Grundy-Haig hilly and upland farms again fall at the 
extremes (low and high, respectively) in terms of net farm 
income. Nevertheless, the net income differences among the 
six farms with 100 per cent asset equity are considerably 
smaller than with zero asset equity. 
Farm family expenditures In the discussion of the 
results for the Shelby-Grundy-Haig farms, a family consump­
tion expenditure goal of $3,751 was derived and considered. 
This expenditure goal is easily achieved on the Shelby-
Seymour-Edina farms. A farmer with 100 per cent equity in 
his class II assets obtains a net farm income greater than 
$3,751 on both the hilly and upland farms. To achieve a net 
income of $3,751 on the average farm requires at least 25 
and 100 per cent equity in class I and II assets, respec­
tively. The same equity position (25 and 100 per cent) is 
required on the Shelby-Grundy-Haig average farm to achieve 
the expenditure goal. As usual the Shelby-Grundy-Haig hilly 
and upland farms represent the extremes (high and low, re­
spectively) in terms of asset equity required to meet the 
expenditure goal. 
The farmer's equity position It was assumed earlier 
that farmers in the study area have approximately 67 and 90 
per cent equity in class I and II assets, respectively (8l). 
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Given this equity position, the net incomes for the five 
Shelby-Seymour-Edina optimum farm plans are $5,107, $5,089, 
$4,693, $5,333, $5,304, respectively. All these net farm 
incomes exceed the family expenditure goal. Obviously, all 
the farmers in the study area do not have the equity posi­
tion assumed above. About 22 per cent of the farmers in the 
study area in 1954 were tenant farmers. Tenants owning all 
their class II assets can obtain a net.farm income of $3,751• 
on the hilly and upland farm, but not on the average farm. 
The income data in Table 56 suggest that farmers owning 
sufficient resources and facing a $1.00 corn price level can 
achieve net farm incomes equal to or greater than the family 
consumption expenditure goal of $3,751. However, income 
taxes, savings, debt repayments and investments are not con­
sidered or included in the consumption expenditure goal. 
Hence,'the family's income must be greater than its consump­
tion expenditures if it intends to pay income taxes, save, 
repay debts and invest. The programming results indicate 
that farm families owning few resources and facing a $1.00 
corn price level may receive incomes which are less than 
$3,751. Families with such low incomes will have to reduce 
their consumption expenditures below $3,751 if they are 
forced to pay income taxes and repay debts or wish to save 
and invest. 
Optimum farm plans for a farmer with a medium level of 
261 
> 
efficiency were presented and discussed in this section and 
the preceding section. Not all farmers possess and operate 
with a medium level of efficiency. Hence, in the section 
which follows, the assumption regarding efficiency levels is 
changed and the effects upon optimum plans for the Shelby-
Grundy-Haig farms are considered. 
The Effect of Changes in the Level of Efficiency 
for the Shelby-Grundy-Haig Area 
Two alternative.efficiency levels, high and low, and 
their effects upon the optimum plans for each farm are con­
sidered in this section. The low level of efficiency corre­
sponds roughly to the efficiency level of the average farmer 
in the study area. The high efficiency level approximates 
the maximum efficiency level which farmers in the study area 
can achieve with present technology. The input-output and 
cost coefficients used are numerical expressions of the 
level of efficiency assumed. 
Models I and III 
Maximum income-maximum net revenue plans for the three 
farms with low and high efficiency are presented below. 
The effects of efficiency level changes upon optimum farm 
^Table 47 contains the optimum plans for a medium level 
of efficiency. 
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organization, optimum farm size and labor-management income 
are considered. 
Hilly farm The. optimum plans' for the hilly farm 
with low and high efficiency are presented in Table 57. 
Changes in the efficiency level affect neither the activi­
ties included in the plans, with one exception, nor the 
resources limiting "the plans. Although the same crop rota-• 
tion is selected for each level of efficiency, the level of 
fertilization changes. Approximately 40 per cent of the 
cropland is not fertilized when a low level of efficiency is 
assumed. With medium and high levels of efficiency all the 
cropland is fertilized at a high rate (Tables 47 and 57). 
One should not conclude that a zero rate of fertilization is 
the most profitable rate for 40 per cent of the hilly farm's 
cropland when the farmer's efficiency level is low. An 
intermediate rate of fertilization, which is not considered 
in the model, may be more profitable than a zero rate. 
Since yields increase as the farmer's efficiency im­
proves, less land is required to produce a unit of feed 
grain. All the feed grain produced on the farm is consumed 
by livestock. Thus, livestock production and the ratio of 
livestock to land increase as the farmer's efficiency im­
proves. The quantity of labor hired increases as livestock 
production increases because hired labor is required for hay 
harvesting. Changes in the farmer's efficiency level are 
Table 57. Shelby-Grundy-Haig hilly farm: minimum cost plans for achieving 
varying levels of income with a $1.00 corn price level and varying 
levels of efficiency " 
Efficiency 
level 
and plan Income' 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
Low 
1 
$-1,399 $10,691 Land renting 
CC0MM1 
CCOMM0 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
711 acres 
130 acres 
85 acres 
67 head 
37 .Utters 
268 hours 
May-June 
labor 
Cropland 
Peed grain 
Hay 
Pasture 
2,182 
High 
1 
3,068 13,500 Land renting 
CCOMM^' 
Beef cow, 
sell calf 
2-litter hogs • 
Hay labor hire 
650 acres 
196 acres 
79 head 
42 litters 
316 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
2,434 
aIncome refers to labor-management income with no reduction for income tax. 
264 
also accompanied "by changes in ratio of hog to beef cow 
activities. . As the farmer's efficiency increases, hogs are 
farrowed and marketed at earlier dates. This change in the 
hog activity, together with a change in the fertilization 
rate, -causes the change in the ratio of hog to beef activi­
ties as the level of efficiency, changes. 
Farm size, measured in acres, declines as"the level of 
efficiency increases. When other measures of size, such as 
total labor inputs, total variable cost, total capital in­
vestment or total annual sales, are considered, farm size 
increases as the farmer's efficiency improves. The total 
annual labor input with high efficiency is 10 and 4 per cent 
larger than with low and medium efficiency, respectively. 
Total capital investment is nearly the same for the three 
efficiency levels (Tables'48 and 58). Investment in land 
declines as the level of efficiency improves, but this de­
cline is offset by increased investment in livestock and 
livestock equipment. Total variable cost with high effi­
ciency is 21 and 10 per cent greater than with low and 
medium efficiency, respectively. Size differences for 
varying levels of efficiency are greatest when total sales 
is used-as a measure of size. Total annual sales with high 
efficiency is 40 and 20 per cent larger than with low and 
1See Table 134. 
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Table 58. Total capital investment, total annual cash 
expense, and total annual sales for the optimum 
farm plans on selected Shelby-Grundy-Haig soil 
mixtures with a $1.00 corn price level and 
varying levels of efficiency 
Soil mixture 
and plan 
Total capital 
investment3 
Total annual 
cash expense13 
Total annual 
sales 
Low efficiency 
Hilly 
1 $74,420 $5,584 $10,906 
Average 
1 69,803 5,631. 11,358 
Upland 
1 60,182 4,999 11,592 
High efficiency 
Hilly • 
1 74,977 8,137 18,025 
Average 
1 71,880 7,867 18,628 
2 74,355 8,094 19,266 
Upland 
1 65,911 7,611 19,893 
Total capital investment consists of land value plus 
the average value of machinery, breeding livestock, live­
stock equipment, livestock buildings and crop buildings. 
^Total annual cash expense consists of 1. total annual 
cash expenses for livestock, 2. crop production, seed, 
fertilizer, shelling and crop building repair costs and 
3. corn buying cost. 
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medium efficiency, respectively. 
The differences in labor-management income for the 
three levels of efficiency are even greater than the differ­
ences in size. The maximum labor-management income with low 
efficiency is negative, $-1,399, indicating that returns 
above total variable cost are insufficient to cover the 
i 
farm's fixed machinery cost. Changing the farmer's effi­
ciency level from low to medium increases his income by 
$2,190 and results, in a small positive labor-management in­
come, $791. The farmer who can change his efficiency level 
from medium to high can increase his labor-management income 
by $2,267 or 88 per cent. Note that these two changes in 
efficiency result in nearly the same absolute increase in 
labor-management income. 
Average farm Two optimum plans are obtained for 
both the medium and high efficiency levels, but there is . 
only one optimum plan for the low efficiency level. The 
optimum farm plans for the low and high levels of efficiency 
are presented in Table 59. The same activities are included 
in the first plan for the three levels of efficiency. Only 
Labor-management return ($-1,399) equals total net 
return ($735) minus fixed machinery cost ($2,134). Total 
net return equals total revenue minus total variable cost. 
Depreciation, interest, tax, housing and insurance charges 
for resources, other than machinery and labor, are con­
sidered as variable costs. 
Table 59. Shelby-Grundy-Haig average farm: minimum cost plans for achieving 
varying levels of income with a $1.00 corn price level and varying 
levels of efficiency 
Efficiency 
level 
and plan Income' 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
Low 
1 $ -642 $10,311 Land renting 
CCOMA1 
CCOMMBO 
Beef cow, 
sell calf 
2-litter hogs # 
Hay transfer 
Hay labor hire 
391 acres 
148 acres 
69 acres 
33 head 
50 litters 
36 tons 
131 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,058 
High 
1 4,348 12,877 Land renting 
CCOMA1 
CCOMMBO 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
372 acres 
l4l acres 
65 acres 
45 head 
53 litters 
27 tons 
l80 hours 
March-April 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,268 
aIncome refers to labor-management income with no reduction for income tax. 
Table 59. (Continued) 
Efficiency 
level 
and plan Income' 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
$4,354 $13,301 Land renting 
CCOMA1 
CCOMMgQ 
Beef cow, 
sell calf 
1-litter hogs 
2-litter hogs 
Hay transfer 
Hay labor hire 
386 acres 
146 acres 
68 acres 
46 head 
12 litters 
43 litters 
29 tons 
186 hours 
March-April 
labor ' 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,310 
ro 
00 
I 
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thç levels of the activities change as the farmer's effi­
ciency changes. Less land, more livestock and more labor 
inputs (both hired and operator-family) are included in the 
farm plan as the'farmer's efficiency increases. The same 
resources, with one exception, limit the first plans for the 
three levels of efficiency. March-April labor is limiting 
for the medium and high levels of efficiency while May-June 
labor is limiting for the low efficiency level (Tables 47 
and 59). Farrowing and marketing dates for the 2-litter hog 
activity become earlier as the level of efficiency in­
creases. Hence, the farm's peak labor requirement period 
shifts as the ,farmer's efficiency improves. 
The second optimum plan for the medium efficiency level 
includes the same activities and has the same limiting re­
sources as plan 2 for the high efficiency level. Only the 
levels of the activities included differ. The substitution 
of activities occurring between the first and second plan is 
very similar for the two efficiency levels. With medium 
efficiency, changing from the first to the second plan re­
quires a substitution of 21 acres of the land renting 
activity, 1 head of the beef cow activity, 15 litters of the 
1-litter hog activity and 7 hours of the hay labor hiring 
activity for 12 litters of the 2-litter hog activity. This 
change in the combination of activities causes both March-
April and May-June labor to be limiting in the second plan. 
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Farrowing for the 1-litter hog activity takes place during 
May. Hence, the change in the hog enterprise affects the 
peak labor requirement period for the farm. 
Farm size measured in acres changes only slightly as 
the farmer's efficiency level changes. Improvements in 
efficiency result in increases in farm size when investment, 
annual cash expense, annual sales, labor-inputs and total 
variable cost are used as measures of size (Tables 47, 48, 
58 and 59). The increase in size is greatest in terms of 
sales or output. Total annual sales with high efficiency is 
70 per cent larger than with low efficiency and 28 per cent 
larger than with medium efficiency. 
Changes in the level of efficiency result in wide dif­
ferences in the maximum labor-management income for the 
average farm. The maximum income with a low efficiency 
level is $-642. Changing from' a low to a medium efficiency 
level increases the maximum labor-management income by 
$2,447. Another increase in efficiency, from medium to 
high, increases the maximum income by $2,549 or l4l per 
cent. Changing from the first to the second plan produces 
little additional income, $30 and $6 for the medium and high 
efficiency level, respectively. Relatively large amounts of 
added operator-family labor and variable cost are required 
to produce these small increments in income. For example, 
with high efficiency, 42 hours of operator-family labor and 
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$424 of variable cost are required to produce the $6 of 
additional labor-management income. 
Upland farm Changes in efficiency also have little 
effect upon the organization of the upland farm. The maxi­
mum income-net revenue plans for low and high levels of 
efficiency contain the same activities as the plan for a 
medium level of efficiency (Tables 47 and 60). However, the 
acres of land rented and the litters of hogs produced in­
crease as the farmer's efficiency improves.1 The limiting 
labor resource also changes as the level of efficiency in­
creases from low to medium and high. The change in far­
rowing dates for the hog activity causes the shift in peak 
labor requirements from the May-June to the March-April 
period. However, the stock of May-June labor is nearly 
exhausted in the maximum income plans for the medium and 
high efficiency levels. 
The programming results for the upland farm indicate • 
that improved efficiency results in increased farm size. 
All measures of farm size discussed previously (acres, in­
vestment, cash expense, sales, labor inputs, and total 
variable cost) increase as the level of efficiency increases 
(Tables 47, 48, 58 and 60). The increases in farm size are 
Note that the acres of land rented on the hilly and 
average farm tend to decline as the level of efficiency 
increased. 
Table 6o. Shelby-Grundy-Haig upland farm: minimum cost plans for achieving 
varying levels of income with a $1.00 corn price level and varying 
levels of efficiency 
Efficiency Total Operator-
level variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Low 
1 $ 869 $ 8,844 Land renting 
CCSb1 
215 acres 
151 acres 
2-litter hogs 50 litters 
May-June 
labor 
Cropland 
Feed grain 
1,701 
High 
1 6,206 12,010 Land renting 
CCSb1 
229 acres 
162 acres 
2-litter hogs 60 litters 
* 
March-April 
labor 
Cropland 
Feed grain 
1,951 
a Income refers to labor-management income with no reduction for income tax, 
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largest when measured in terms of total annual sales. 
Improvements in efficiency are also associated with 
large increases in the maximum labor-management income 
attainable on the upland farm. The farmer with a low effi­
ciency level can achieve a positive labor-management income 
($869) on the upland farm. Increasing the farmer's effi­
ciency level from low to medium and from medium to high 
increases the maximum labor-management income by $2,642 and 
$2,695, respectively. 
Farm plans with varying levels of efficiency compared 
In an earlier section the optimum plans for the three 
Shelby-Grundy-Haig soil farms with medium efficiency were 
compared with regard to organization, size, and level of 
labor-management income. Changing the assumed efficiency 
level produces minor changes in the fertilization rate on 
the hilly farm, in the ratio of livestock to land on the 
hilly and average farms, and in the combination of hog 
activities on the average farm. Thus, changing the level of 
efficiency assumed has little effect on the differences in 
organization among the three farms. 
Given a medium level of efficiency, the maximum income 
acreage for the hilly or average farm is considerably larger 
than for the upland farm. As the level of efficiency im­
proves, the maximum income acreage declines on the hilly and 
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average farm and increases on the upland farm. However, 
these changes are rather small, and substantial differences 
in maximum income acreage among farms persist. For all 
levels of efficiency the upland farm is the smallest by such 
measures as total capital investment, total annual cash ex­
penses, total labor inputs, operator-family labor inputs and 
total variable cost, but it remains the largest in terms of 
total annual sales. 
There are large differences in the maximum labor-
management income among the three farms for each level of 
efficiency. Changing the level of efficiency assumed causes 
only minor changes in the income differences among farms. 
The absolute income differences among farms decline as 
efficiency declines and increase as efficiency increases. 
However, the relative income differences among farms decline 
as efficiency increases. 
The effects of pulpwood production and fixed machinery 
cost reductions upon the maximum labor-management income 
were considered previously. Estimates of the maximum income 
for each farm with these sources of added income are pre­
sented in Table 6l. These two sources of added income 
reduce, but do not eliminate, the income differences among 
farms. 
Reductions and improvements in the level of efficiency 
cause large changes in the maximum labor-management income 
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Table 6l. Maximum labor-management Incomes for selected 
Shelby-Grundy-Haig soil mixtures and varying 
levels of efficiency when pulpwood production 
and fixed machinery cost reductions are 
considered 
Soil mixture 
Efficiency level 
Low Medium High 
Hilly $ -592 $1,583 $3,847 
Average -I85 2,262 4,811 
Upland 1,577 4,219 6,914 
attained on each farm. Changing from a medium to a low 
efficiency level reduces the maximum income for the hilly, 
average and upland farms by 277, 136 and 75 per cent, re­
spectively. Shifting from a medium to a high efficiency 
level increases the maximum inpome for the hilly, average 
and upland farms by 288, l4l and 77 per cent, respectively. 
These results suggest that farmers seeking to increase their 
income should consider improving their level of efficiency. 
However, this study does not provide a scheme for delin­
eating the farmers in the study area who are capable of im­
proving their efficiency, nor does it suggest specific means 
for improving efficiency. 
2?6 
Model II 
The objective in model II is to achieve a specified 
labor-management return or income with a minimum total vari­
able cost. Three specific levels of labor-management income 
are considered, and these income levels are referred to as 
income goals A, B and C 
Hilly farm A farmer with a low efficiency level 
earns a negative labor-management income on the hilly farm, 
i.e., total variable cost plus total fixed machinery cost 
exceed total revenue (Table 62). Obviously, a farmer with 
low efficiency can not achieve any' of the three income 
goals. In addition, none of the income goals can be 
attained on the hilly farm with a medium level of effi­
ciency. A farmer possessing a high efficiency level can 
achieve both income goals A and B, i.e., earn a labor-
management return equivalent to the adjusted annual income 
from employment as either an unskilled or a semiskilled Iowa 
factory worker. Farms only 76.5 and 98.5 per cent as large 
as the maximum income farm size are required to achieve in­
come goals A and B, respectively. The maximum labor-
management income for the hilly farm with high efficiency is 
equivalent to the income from nonfarm work at an hourly wage 
comes of $1 
1Incomeals A, B and C refer to adjusted annual in-
, , $2,992 and $4,656, respectively. 
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Table 62. Labor-management incomes and equivalent nonfarm 
hourly wage rates for the optimum farm plans on 
selected Shelby-Grundy-Haig soil mixtures with a 
$1.00 corn price level and varying levels of 
efficiency3-
Soil mixture Efficiency level 
and plan Low Medium High 
Hilly 1 
Income $-1,399 $ 791 $3,068 
Wage rate -0.21 0.84 . 1.94 
Average 1 
Income -642 1,775 4,348 
Wage rate 0.15 1.31 2.55 
Td Average 2 
Income - 1,805 4,354 
. Wage rate - 1.33 2.55 
Upland 1 
Income 869 • 3,511 6,206 
Wage rate 0.88 2.15 - 3.45 
The hourly wage rate is obtained by adding the esti­
mated cost of urban housing, $960, to the farm's labor-
management income and then dividing this sum by 2080, the 
annual nonfarm work load assumed. 
^A second optimum plan was not obtained for the low 
level of efficiency. 
rate of $1.94. 
Average farm The maximum labor-management income 
for the average farm with low efficiency is also negative. 
Thus, none of the income goals can be achieved with a low 
level of efficiency. With a medium efficiency level it is 
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almost possible for the farmer to earn a labor-management 
return equivalent to that of an unskilled factory worker, 
income goal A. The farmer with a high efficiency level,can 
easily achieve both income goals A and B and can nearly 
achieve income goal C.. Farms which are 6l.4 and 79.1 per 
cent as large as the farm in optimum plan 1 are necessary to 
achieve income goals A and B, respectively. A nonfarm 
hourly wage rate of $2.55 produces an income equivalent to 
the maximum labor-management income with high efficiency. 
Upland farm The maximum labor-management income on 
the upland farm is positive, but none of the three income 
goals are achieved with a low efficiency level. Both income 
goals A and B can be achieved with a medium level of effi­
ciency/ Farms 47.7, 61.5 and 81.4 per cent as large as the 
maxinium income farm size are required to achieve income 
goals A, B and C, respectively, with a high level of effi­
ciency. Nonfarm employment at an hourly wage rate of $3.45 
produces an income equivalent to the maximum labor-
management income with high efficiency. 
Changing the level of efficiency has a significant 
effect upon the labor-management returns or income goals 
which can be achieved. Given a low level of efficiency, 
none of the income goals are achieved on any of the farms. 
Thus, the farmer with a low efficiency level can not earn a 
labor-management return equivalent to that of an unskilled 
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factory worker. With a medium level of efficiency only in­
come goals A and B can be achieved on the average and upland 
farm, respectively. Hence, a farmer with a medium level of 
efficiency on the hilly farm can not earn a labor-management 
return equivalent to that of an unskilled factory worker, 
but on the average and upland farms he can earn a labor-
management return equivalent to that of an unskilled and 
semiskilled worker, respectively. With a high level of 
efficiency, income goal B can be achieved on both the hilly 
and average farm, and income goal C is attained on the 
upland farm. Thus, a highly efficient farmer on the hilly 
and average farms can earn a labor-management income equiva­
lent to that of a semiskilled factory worker, and on the 
upland farm he can earn a labor-management return equivalent 
to that of the skilled factory worker. 
Pulpwood production and fixed machinery cost reductions 
increase the maximum labor-management income which can be 
achieved for each level of efficiency (Table 6l). The 
hourly nonfarm wage raté which produces an- adjusted income 
equivalent to the maximum labor-management income increases 
$0.16 per hour, from $0.22 to $0.38, when pulpwood produc­
tion and fixed machinery cost reductions are considered. 
These two sources of added income do not change the income 
goals which can be achieved on the hilly and upland farm, 
but one additional income goal is achieved on the average 
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farm with a high level of efficiency. 
Improvements in efficiency result in a very large in­
crease in the farmer's labor-management returns on each 
farm. The opportunity cost for the farmer's labor and 
management resources may also increase as his efficiency 
improves. Hence, although they are higher, the farmer's 
labor-management returns with high efficiency may be no more 
competitive than with medium efficiency. r. 
Residual land prices and rents Given the present 
farm plans, estimates of the land prices and rents necessary 
to achieve each of the income goals can be made (Table 63). 
There are positive land prices and rents which allow a, 
farmer with medium efficiency to achieve each income goal on 
each farm, except income goal C on the hilly farm (Table 
. J 
50). There are no positive land prices and rents which 
allow a farmer with low efficiency to achieve income goal C 
on any of the farms and income goal B on the hilly and 
average farm. With large reductions in the land prices and 
rents assumed, a low efficiency farmer could achieve income 
goal A on all three farms and income goal B on the upland 
farm. Positive residual land prices and rents are obtained 
for each income goal on each farm when a high level of effi­
ciency is assumed, but reductions in the assumed land prices 
which range from 52 to 9 per cent are necessary to attain 
income goal C. To achieve exactly income goals A and B 
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Table 63. Residual land prices and rents per acre which 
allow achievement of income goals A, B and C for 
specific optimum plans on selected Shelby-Grundy-
Haig soil mixtures with a $1.00 corn price level 
and varying levels of efficiency3. 
Soil mixture 
and plan A 
Income goal 
B 
Hilly 1 
Land price 
• Land rent 
1.74 
0.11 
Low efficiency 
Average 1 
Land price 
Land rent 
33.58 
2.18 
Upland 1 
Land price 
Hilly 1 
Land price 
Land rent 
Average 2 
Land price 
Land rent 
152.04 $ 70.13 
'#igh efficiency 
100.93 
6.56 
231.55 
15.04 
73.84 
4.80 
185.93 
12.08 
$ 34.43 
2.24 
119.57 
7.77 
Upland 1 
Land price 
Land rent 
515.08 
33.46 
438.18 
28.46 
326.32 
21.20 
The interest and tax rates used to calculate the 
residual land prices are presented in Table 134. 
^The residual land rents for some of the farms are 
negative with a low level of efficiency and income goals 
B and C. 
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requires increases in the assumed land prices ranging from 2 
to 132 per cent. Residual land prices are calculated by-
subtracting competitive returns for all inputs, except land, 
from total revenue. Thus, land prices smaller than those 
initially assumed indicate that competitive returns can not 
be earned for all resources. The' residual land prices for 
a farmer with low efficiency indicate that such a farmer can 
not earn high labor-management returns (income goal C) and 
can earn relatively low labor-management returns only with 
large reductions in the land prices assumed. The residual 
land prices for a farmer with high efficiency suggest that 
he can earn competitive returns for all resources if the 
adjusted annual salary of a semiskilled factory worker 
represents competitive labor-management returns. 
Net farm income 
The derivation of labor-management incomes is based on 
the assumption that the farm operator and his family own no 
resources other than their labor and management. Since 
farmers do own resources other than their labor and manage­
ment, the effects upon net farm income of varying the level 
of efficiency are considered in this section."*" Net farm 
"htfet farm income is defined as the return to all owned 
resources when the farmer owns resources in addition to 
operator-family labor and management. 
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incomes for varying levels of asset equity and. low and high 
efficiency are presented in Table 64. 
• Low efficiency The labor-management incomes or net 
farm incomes with zero equity are negative on both the hilly 
and average farms with low efficiency. To achieve a posi­
tive net farm income required 84 and 47 per cent equity in 
class II assets for the hilly and average farms, respec­
tively. The net incomes on all the farms increase sharply 
as the farmer's asset equity increases. Net incomes for a 
farmer owning all his resources range from 119 to 832 per 
cent larger than the income for a farmer owning only his 
class II assets. Increases in the farmer's asset equity 
reduce, but do not eliminate, the differences in incomes 
among the three farms. 
In the earlier discussions of net farm income, farmers 
in the study area were assumed to have the mean equity posi­
tion of 67 and 90 per cent equity in class I and II assets, 
respectively. Net farm incomes of $1,688, $2,188, and 
$3,254 are achieved on the hilly, average, and upland farms, 
respectively, with this equity position. These incomes fall 
short of the family expenditure goal of $3,751 considered 
previously. Even with 100 per cent equity in all resources, 
the farmer on the hilly and average farm can not achieve a 
net farm income of $3,751. To attain an income of $3,751 on 
the upland farm, the farmer must own 100 and 66.6 per cent 
Table 64. Net farm incomes for the optimum plans on selected Sh elby-Grundy-Haig 
farms with a $1.00 corn price level and varying levels of asset equity 
and efficiency 
Per cent equity Farms 
in asset class Hilly, Average Upland 
I II Plan 1 Plan 1 Plan 2 Plan 1 
0 0 $-1,399 $ -642 
0 33.3 -839 -185 
0 66.6 -278 272 
0 100.0 282 729 
25 33.3 -252 4ll 
25 66.6 309 868 
25 100.0 869 1,324 
50 33.3 335 1,006 
50 66.6 896 1,463 
50 100.0 1,456 1,920 
75 33.3 923 1,602 
75 66.6 1,483 2,059 
75 100.0 2,043 2,516 
100 33.3 1,509 2,198 
100 66.6 2,070 2,655 
100 100.0 2,629 3,H2 
a0nly one programming solution was obtained for 
t 869 
1,201 
1,866 
1,756 
2,089 
2,421 
2,311 
2,644 
2,976 
2,866 
3,199 
3,531 
3,421 
3,753 
4,086 
efficiency. 
Table 64. (Continued) 
Per cent equity 
in asset class 
I II 
Farms 
Hilly 
Plan 1 
Average 
Plan 1 Plan 2 
Upland 
Plan 1 
0 0 $3,068 
0 33.3 3,770 
0 66.6 4,472 
0 100.0 5,174 
25 33.3 4,311 
25 66.6 5,013 
25 100.0 5,715 
50 33-3 4,853 
50 66.6 5,555 
50 100.0 6,257 
75 33.3 5,394 
75 66.6 6,096 
75 100.0 6,798 
100 33.3 5,936 
100 66.6 6,638 
100 100.0 7,339 
High efficiency 
$4,348 $4,354 $6,206 
4,932 4,955 6,627 
5,516 5,556 7,048 
6,099 6,158 7,468 
5,502 5,547 7,222 
6,086 6,148 7,643 
6,670 6,750 8,064 
6,073 6,139 7,818 
6,657 6,741 8,239 
7,240 7,342 8,660 
6,643 6,731 8,414 
7,227 7,333 8,834 
7,8ll 7,934 9,255 
7,214 7,323 9,009 
7,798 7,925 9,430 
8,382 8,526 9,851 
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of his class I and II assets, respectively. 
Even with complete farmer ownership of all resources 
the net incomes on the hilly and average farm are very low. 
Pulpwood production and fixed machinery cost reductions can 
increase the labor-management income and also the net farm 
income for each farm, but these sources of additional income 
are not large enough to raise the incomes for the hilly and 
average farms to a level of $3,751. Some farm families can 
exist with expenditures which are smaller than the proposed 
expenditure goal. However, this expenditure goal does not 
consider tax expenditures or the family's saving, investment 
and debt repayment plans. The farm family's net income must 
exceed its consumption expenditures if it pays taxes and 
intends to save, invest or repay debts. 
High efficiency With a high level of efficiency the 
net farm incomes for low asset equity positions are rela­
tively large for each farm. Improvements in the farmer's 
equity position still result in large increases in net in­
come. Farmers owning all their class II assets have net 
farm incomes which are 20 to 69 per cent larger than incomes 
of farmers with zero equity in class I and II assets. Net 
farm incomes for farmers owning all their resources range 
from 59 to 139 per cent larger than the incomes of farmers 
owning only their labor and management. Improving the 
farmer's equity position reduces, but does not eliminate, 
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the net income differences among farms. 
Net farm incomes with zero equity or the labor-
management incomes for farmers on the average and upland 
farm are larger than the income expenditure goal of $3,751. 
A farmer must own at least 33.3 per cent of his class II 
assets to achieve this expenditure goal on the hilly farm. 
Thus, a tenant farmer on any of the three farms can achieve 
the family expenditure goal. Farmers with 67 and 90 per 
cent equity in class I and II assets, respectively, (the 
mean equity position assumed previously) can achieve net 
farm incomes considerably larger than the expenditure goal. 
Net farm incomes of $6,415, $7,4-53, $7,565, $8,939 would be 
obtained for the optimum plans on the hilly, average and 
upland farms, respectively, with this equity position. 
Varying the farmer's level of efficiency has the same 
effect upon net farm income as it had upon labor-management 
income. Given complete ownership of all assets, increasing 
efficiency from (a) low to medium and (b) medium to high 
results in increases in net farm income ranging from 70 to 
87 per cent and 42 to 50 per cent, respectively (Tables 51 
and 64). 
Optimum farm plans for low and high efficiency levels 
on selected soil mixtures in the Shelby-Grundy-Haig soil 
area were presented and discussed above. The effects of 
changes in efficiency upon the optimum farm plans for the 
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Shelby-Seymour-Edina soil area are considered in the fol­
lowing section. 
The Effect of Changes in the Level of Efficiency 
for the Shelby-Seymour-Edina Area 
Two alternative levels of efficiency, low and high, are 
also considered for the Shelby-Seymour-Edina farms. Low and 
high efficiency, respectively, correspond roughly to the 
efficiency level of the average farmer in the study area and 
to the maximum efficiency level which farmers in the area 
can achieve with their present technology. The input-output 
coefficients for the activities can again be considered as 
numerical expressions of the efficiency level assumed. 
Models I and III 
t 
Maximum income-maximum net revenue plans for the three 
farms, with low and high efficiency, are presented below. 
The effects of efficiency level changes upon the optimum 
farm organization, farm size and labor-management income are 
considered. 
Hilly farm The optimum plans for the hilly farm , 
with low and high efficiency levels are presented in Table 
65. Changes in the efficiency level assumed do not affect 
the activities selected or the limiting resources for the 
first two optimum plans. However, the levels of the activi­
ties and the amounts of unused resources are affected by the 
Table 65. Shelby-Seymour-Edina hilly farm: minimum cost plans for achieving 
varying levels of income with a $1.00 corn price level and varying 
levels of efficiency 
Efficiency Total Operator-
level variable ~ Limiting family 
and plan Income cost Activities and levels resources labor used 
Low 
1 $ -50 $ 9,067 
9,550 
Land renting 
ccsbA1 
ccommgq 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
Land renting 
CCSbA1 
GOOMMB1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
686 acres 
63 acres 
149 acres 
37 head 
41 litters 
150 hours 
585 acres 
' 54 acres 
127 acres 
44 head 
42 litters 
179 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
May-June 
labor 
Cropland 
Feed grain 
Hay 
1,953 
2,022 
Income refers to labor-management income with no reduction for income tax. 
Table 65. (Continued) 
Efficiency Total Operator-
level variable Limiting family 
and plan Income cost Activities and levels resources labor used 
High 
1 $4,509 $11,790 
4,702 12,371 
4,733 12,733 
Land renting 697 acres 
ccsbA1 64 acres 
CCOMMBO 151 acres 
Beef cow, 
sell calf 45 head 
2-litter hogs 47 litters 
Hay labor hire 183 hours 
Land renting 600 acres 
CCSbAl 55 acres 
CCOMMB1 
0
 
CO H
 acres 
Beef cow, 
sell calf 52 head 
2-litter hogs 48 litters 
Hay labor hire 209 hours 
Land renting 648 acres 
ccsbA1 60 acres 
CCOMMB1 l4l acres 
Beef cow, 
sell calf 4l head 
2-litter- hogs 52 litters 
Hay labor hire 164 hours 
May-June 2,200 
labor 
Cropland 
Feed grain 
Hay 
May-June 2,271 
labor 
Cropland 
Feed grain 
Hay 
March-April 2,231 
labor 
May-June 
labor 
Cropland 
Feed grain 
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change in efficiency levels. In the first optimum plan an 
increase in efficiency causes slight increases in the land 
renting, crop and livestock activities. For example, 2 more 
acres of land are rented and additional units of the beef 
cow and hog activities (8 and 2, respectively) are produced 
as the efficiency level changes from low to medium (Tables 
52 and 65). Although the limiting resources in the first 
plan are the same for the three levels of efficiency, larger 
quantities of operator-family labor are used as efficiency 
increases. The acreage of unused pasture also increases as 
the level of efficiency increases. 
The changes in activities which occur between the first 
and second optimum plan are not affected greatly by the 
level of efficiency assumed. Fertilizer on cropland B and 
additional units of the beef cow and hog activities are sub­
stituted for the land renting activity and its accompanying 
crop activities in the second plan. Fertilization of crop­
land B represents a substitution of capital in the form of 
fertilizer for land. The rates at which these substitutions 
occur vary slightly with the level of management. Livestock 
production in the second plan continues to increase as effi­
ciency improves. 
While only two optimum plans are obtained for the low 
and medium levels of efficiency, three optimum plans are 
obtained with a high efficiency level. The change from 
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plan 2 to plan 3, with high efficiency, involves a substi­
tution of the land renting (48 acres) and hog (4 litters) 
activities for the beef cow activity (11 head). This change 
in farm organization exhausts the stocks of both March-April 
and May-June labor. Hay, a limiting resource in plans 1 and 
2, is no longer limiting because the stock of unused hay 
(31 tons) is sufficient to meet the hay requirement of 15 
additional units of the beef cow, sell calf activity. Plan 
3 for the high efficiency level and plan 2 for the low and 
medium efficiency levels represent the maximum income-
maximum net revenue plans. The second plan for all effi­
ciency levels and the third plan for a high efficiency level 
produce relatively small increments of additional income at 
a relatively high cost. 
In the first optimum plan and also in the maximum in­
come plan, farm size, measured in acres, increases as the 
level of efficiency increases. Both acreage and livestock 
production increase on the Shelby-Seymour-Edina farms as 
efficiency increases. Since hog farrowing and marketing 
dates occur earlier in the year as the efficiency level 
improves, hog activities are less competitive with other 
activities for limiting labor resources. Maximum income 
farm size in terms of total capital investment, total annual 
cash expense, total variable cost and total annual hours of 
operator-family labor used also increases as the efficiency 
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level increases. Total annual sales for the maximum income 
farm plans are also positively related to improvements in 
the level of efficiency; sales with medium and high effi­
ciency are 30 and 69 per cent greater'than with low effi­
ciency (Table 66). 
The effects of changes in efficiency upon optimum farm 
organizations and size are small relative to the effects 
upon labor-management income. Note that the labor-
management income for plan 1 with low efficiency is nega­
tive. A negative labor-management income indicates that 
total revenue for the farm is less than the sum of total 
variable cost and fixed machinery cost. The second optimum 
plan with low efficiency produces a labor-management income 
"of one dollar. Thus, total revenue nearly equals the sum of 
total variable and fixed machinery costs in this plan, and 
there is essentially no return to the operator-family labor 
and management resources. Changing from the low to medium 
efficiency level increases the maximum labor-management in­
come by $2,348. A $2,384, or 101 per cent increase in maxi­
mum income is obtained by shifting from a medium to a high 
efficiency level. Note that these two changes in efficiency 
produce nearly the same absolute increase in income. 
Average farm Table 67 contains the optimum plans 
for the average farm with low and high levels of efficiency. 
Changes in efficiency cause only minor changes in the 
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Table 66. Total capital investment, total annual cash 
expense, and total annual sales for the optimum 
farm plans on selected Shelby-Seymour-Edina soil 
mixtures with a $1.00 corn price level and 
varying levels of efficiency 
Soil mixture 
and plan 
Total ca*pital 
investment8. 
Total annual 
cash expense-
Total annual 
sales 
Low efficiency 
Hilly 
1 
2 
$65,031 
59,475 
$4,761 
5,517 
$10,780 
11,254 
Average 
1 61,993 5,333 10,670 
Upland 
1 
2 
58,038 
57,546 
5,259 
5,337 
High efficiency 
11,021 
11,203 
Hilly 
1 
2 
3 
69,713 
64,481 
66,036 
6,995 
7,824 
8,008 
17,921 
18,592 
18,995 
Average 
1 67,068 7,689 18,259 
Upland 
1 
2 
62,848 
63,386 
7,873 
7,945 
19,201 
19,403 
Total capital investment consists of land value plus 
the average value of machinery, breeding livestock, live­
stock equipment, livestock buildings and crop buildings. 
^Total annual cash expense consists of 1. total annual 
cash expenses for livestock, 2. crop production, seed, 
fertilizer, shelling and crop building repair costs and 
3. corn buying cost. 
Table 67. Shelby-Seymour-Edina average farm: minimum cost plans for achieving 
varying levels of income with a $1.00 corn price level and varying 
levels of efficiency 
Efficiency Total Limiting Operator-
level variable ' resources family 
and plan Income cost Activities and levels labor used 
Low 
1 $ -507 $ 9,225 Land renting 
CCSb1 
2-litter hogs 
394 acres 
159 acres 
46 litters 
May-June 
labor 
Cropland 
Feed grain 
1,657 
High 
1 4,448 12,153 Land renting 
CCSb1 
2-litter hogs 
4l8 acres 
169 acres 
55 litters 
May-June, 
corn labor 
Cropland 
Feed grain 
1,883 
a Income refers to labor-management income with no reduction for income tax. 
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activities included in the optimum plans. A decline in 
efficiency from the medium to low levels causes the land 
renting, crop and hog activities to be reduced by 18 acres, 
7 acres and 6 litters, respectively (Tables 52 and 67). A 
shift from medium to high efficiency causes similar relative 
increases in each of these activities. 
The limiting resources for low and medium efficiency, 
May-June labor, cropland and feed grain, change as the effi­
ciency increases to a high level. The stock of May-June 
labor for corn planting operations rather than the total 
stock of May-June labor becomes limiting with a high effi­
ciency level. The farrowing and marketing dates for hogs 
occur earlier in the year as the efficiency level increases. 
Hence, with a high efficiency level the hog and CCSb activi­
ties are less competitive for May-June labor, and the crop 
activity exhausts the stock of May-June, corn labor. The 
stock of. May-June labor is also nearly exhausted in the plan 
for a high efficiency level. 
The maximum income farm size, in acres, increases 
slightly as the level of efficiency improves. Increases in 
the efficiency level also result in a larger farm when total 
capital investment, total annual cash expense, total vari­
able cost, operator-family labor inputs and total annual 
sales are used as measures of farm size (Tables 52, 53, 66 
and 67). The changes in size are largest when total annual 
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sales Is used as the measure. Total annual sales for the 
medium and high efficiency levels are 35 and 71 per cent 
greater, respectively, than for a low efficiency level. 
Changes in the level of efficiency also cause large 
changes in the maximum labor-management income obtained for 
the average farm. Shifting from a medium to a low effi­
ciency level reduces the maximum income by $2,578 to $-507. 
An improvement in efficiency- from the medium to high level 
produces a $2,377 increase in the maximum labor-management 
income. Thus, a decrease or increase in efficiency from the 
medium level results in approximately the same absolute 
change in the maximum labor-management income. 
Upland farm Two optimum plans are obtained for each 
level of efficiency on the upland farm (Table 68). Changes 
in the level of efficiency cause small, but important, dif­
ferences in the organization of the first optimum plan. 
Changing the efficiency level from medium to low causes re­
ductions in the land renting (9 acres), beef cow (l head) 
and hog (6 litters) activities (Tables 52 and 68). In addi­
tion the decline in efficiency causes an important change in 
the crop activities. With a medium efficiency level one 
rotation, CCOM q^, is selected for cropland B, but with a low 
efficiency level two rotations, CCOM q^ and CCOMMg^, are 
chosen for cropland B. 
Why are two rotations chosen for cropland B, and why is 
Table 68. Shelby-Seymour-Edina upland farm: minimum cost plans for achieving 
varying levels of income with a $1.00 corn price level and varying 
levels of efficiency 
Efficiency 
level 
and plan Income" 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
Low 
1 $ 156 $ 8,987 
165 9,040 
Land renting 224 acres 
CCSbA1 143 acres 
14 acres 
CC0MMB1 3 acres 
Beef cow, 
sell calf 4 head 
2-litter hogs 47 litters 
Hay labor hire 16 hours 
Land renting 222 acres 
ccsbAI 142 acres 
CCOMMB1 3 acres 
CCOMB1 14 acres 
Beef cow, 
sell'calf 4 head 
2-litter hogs 48 litters 
Hay labor hire 16 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
1,708 
1,713 
aIncome refers to labor-management income with no reduction for income tax. 
Table 68. (Continued) 
Efficiency Total Operator-
level variable Limiting family 
and plan Income cost Activities and levels resources labor used 
High 
1 $5,279 $12,105 Land renting 
5,307 12,192 
CCSbA1 
CCOMB1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
Land renting 
CCSbAl 
ccomgi 
2-litter hogs 
235 acres 
150 acres 
18 acres 
6 ..head 
57 litters 
23 hours 
242 acres 
155 acres 
19 acres 
59 litters 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
May-June 
labor 
Cropland 
Feed grain 
1,975 
1,941 
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the latter rotation fertilized when a low efficiency level 
is assumed? The plan for a low efficiency level includes 4 
head of the beef cow, sell calf activity. Permanent pasture 
production on the farm is just sufficient to meet the pas­
ture requirement of the beef cow and hog activities. Hay 
for the beef cow activity must be produced on cropland B, 
since cropland A is devoted to row crop production. If all 
of cropland B is devoted to the CCOM Q^ rotation only 6.8 
tons of hay would be produced. Thus, the CC0Mg0 rotation 
can not produce the 8 tons of hay required by the beef cow 
activity. Consequently, 3 acres of the CCOMM^ rotation are 
substituted for 3 acres of the CCOM Q^ rotation. The shift 
in rotations and the change in fertilization rates produce 
the additional hay required by the beef cow activity. 
The substitution of the CCOMM^ rotation for the CCOMQQ 
rotation is unique and merits further discussion. Rotations 
with the highest proportion of row crops are chosen for each 
type of cropland in all the plans examined previously. In 
several of these plans surplus permanent pasture is avail­
able, and hay is the primary resource limiting the size of 
the beef cow activity. In none of these plans is a rotation 
with a higher proportion of forage crops and greater hay-
production capacity substituted for a rotation with a lower 
proportion of forage crops-. Such a substitution would allow 
the beef cow activity to expand and utilize all the surplus 
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pasture. In all previous plans, the beef cow activity is 
not sufficiently profitable to pay thé opportunity cost of 
such a substitution, and large quantities of permanent 
pasture go unused. However, with a low level of efficiency 
the beef cow activity is able to pay for the substitution of 
the CCOMM-g^ rotation for the CCOlYLgQ rotation on the upland 
farm. 
An improvement in efficiency also causes some changes 
in the organization of the first optimum plan. A shift from 
medium to high efficiency produces an increase in the land 
renting (2 acres), beef cow (l head) and hog (4 litters) 
activities. In addition, the rate of fertilization for 
cropland B changes from a zero rate for the medium effi­
ciency level to a high rate for the high efficiency level. 
The major changes between plans 1 and 2 for the low and 
medium efficiency levels are (a) a substitution of capital, 
in the form of fertilizer, for land and (b) a slight in­
crease in livestock production. With a high efficiency 
level the change from plan 1 to 2 consists primarily of a 
substitution of the land renting and hog activities for the 
beef cow and hay labor hiring activities. 
Changes in the efficiency level also produce small, but 
important, differences, in the organization of the second 
optimum plan. A shift from medium to low efficiency causes 
a reduction in the land renting (7 acres), beef cow (l head) 
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and hog (6 litters) activities and a change in the rotations 
for cropland B. An increase in efficiency from a medium to 
a high level causes a substitution of the land renting (13 
acres) and hog (5 litters) activities for the beef "cow 
(5 head) and hay labor hiring (16 hours) activities. Hay 
and pasture production, with a high efficiency level, is 
sufficient to support six units of the beef cow, sell calf 
activity. However, the beef cow activity is not profitable 
enough to bid the limiting labor resources necessary for its 
expansion away from the crop and hog activities. 
Changes in the efficiency level also cause some changes 
in the resources which limit the optimum plans. March-April 
labor limits the plans for the medium efficiency level, 
while May-June labor limits the plans for the low and high 
efficiency levels. Changes in the farrowing and marketing 
dates for the hog activity, together with changes in the 
combination of activities, cause this shift in limiting 
labor resources for different efficiency levels. Cropland, 
feed grain, hay and pasture are also limiting resources 
except in the maximum income plan with high efficiency. 
Since the beef cow activity is not included in this plan, 
neither hay nor pasture is a limiting resource. 
The maximum income acreage for the upland farm in­
creases slightly as the level of efficiency improves. All 
the measures of farm size discussed previously, total 
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capital investment, total annual cash expense, total vari­
able cost, total annual sales and labor inputs, increase 
with an improvement in the efficiency level. The change in 
size is greatest in terms of sales or output. 
Changes in the level of efficiency assumed cause large 
changes in the maximum labor-management income obtained on 
the upland farm. A decline in efficiency from medium to low 
reduces the maximum income attained by $2,659 or 94 per cent, 
but the maximum labor-management income for a low efficiency 
level is positive. Improving the efficiency level from 
medium to high produces a $2,483 or 88 per cent increase in 
the maximum labor-management income. 
Farm plans with varying levels of efficiency compared 
The optimum plans for the three Shelby-Seymour-Edina 
farms with a medium efficiency level were compared earlier 
with regard to the differences in farm organization, farm 
size and the labor-management incomes obtained. With a 
medium efficiency level the rotation with the highest pro­
portion of row crops is chosen in each farm plan. Hence, 
production of feed grain and feed-grain consuming livestock 
is substituted for the production of forage and forage con­
suming livestock as the soil mixture's topography becomes 
more level. Changes in the level of efficiency widen, 
rather than reduce, the organizational differences among the 
three farms. A rotation not containing the highest 
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proportion of row crops is chosen on the hilly farm when a 
low level of efficiency is assumed. The beef cow activity 
is not included in the maximum income plan for the upland 
farm when a high efficiency level is assumed. Thus, the 
shift from a forage oriented crop-livestock complex to a 
feed grain oriented crop-livestock complex with different 
soil mixtures is emphasized, rather than deemphasized, by 
changes in the efficiency level. 
Changes in efficiency do not appear to have any con­
sistent effects upon the absolute differences in size and 
labor-management income among the three farms. For example, 
a decline in efficiency reduces the difference in total 
variable cost between the hilly and average farm, but it 
increases the difference«between the average and upland 
farm. A decline in efficiency increases the difference in 
income between the hilly and average farm, but it reduces 
the difference between the average and upland farm. 
The optimum plans for similar soil mixtures in the two 
soil areas were also compared in a previous section. 
Changes in the efficiency level do not appear to have any 
effect upon the organizational, size and income differences 
between similar soil mixtures. 
The effect of two sources of additional income, pulp-
wood production and fixed machinery cost reductions, upon 
the maximum labor-management income were also considered 
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earlier. Estimates of the maximum incomes for each level of 
efficiency and farm, with these two sources of additional in­
come, are presented in Tablé 69. Consideration of these two 
sources of added income reduces, but does not eliminate, the 
absolute income differences among farms. 
Table 69. Maximum labor-management incomes for selected 
Shelby-Seymour-Edina soil mixtures and varying 
levels of efficiency when pulpwood production 
and fixed machinery cost reductions are 
considered 
Soil mixture 
Low 
Efficiency level 
Medium High 
Hilly 
Average 
Upland 
$649 -
196 
617 
$3,006 
2,774 
3,276 
$5,402 
5,151 
5,759 
The most important effect of a change in the level of 
efficiency upon the farm plan is the change in the labor-
management income. A decline in efficiency from the medium 
to low level reduces the maximum incomes for the hilly, 
average and upland farms by 100, 124 and 94 per cent, re­
spectively. An improvement in the efficiency level from 
medium to high increases the maximum labor-management 
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incomes for the hilly, average and upland farms by 101, 115 
and 88 per cent, respectively. Thus, the programming re­
sults for both the Shelby-Grundy-Haig and Shelby-Seymour-
Edina areas suggest that'farmers wishing to increase their 
income should consider improving their level of efficiency. 
The problems of providing specific means for improving effi­
ciency and of estimating the costs of improved efficiency 
are not considered in this study. 
Model II 
The farm's goal in model II is to achieve competitive 
returns for the labor and management resources of the 
operator and his family. The adjusted annual incomes of 
unskilled, semiskilled and skilled Iowa factory workers are 
again assumed as competitive labor-management resource re­
turns or incomes.1 
Hilly farm The maximum labor-management income for 
the farmer with low efficiency is only one dollar (Table 70). 
Obviously, such a farmer can not achieve any of the three 
income goals. An improvement in the farmer's efficiency 
level from low to medium allows him to achieve income goal 
A. An additional improvement in efficiency from the medium 
"'"The adjusted annual incomes for unskilled ($1,848), 
semiskilled ($2,992) and skilled ($4,656) Iowa factory 
workers are referred to as income goals A, B and C, re­
spectively. 
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Table 70. Labor-management incomes and equivalent nonfarm 
hourly wage rates for the optimum farm plans on 
selected Shelby-Seymour-Edina soil mixtures with 
a $1.00 corn price level and varying levels of 
efficiency3-
Soil mixture 
and plan Low 
Efficiency level 
Medium High 
Hilly 1 
Income 
Mage rate 
$2,269 
1.55 
$4,509 
2.63 
Hilly 2 
Income 
Wage rate 
1 
0.46 
2,349 
1.59 
4,702 
2.72 
Hilly 3 
Income 
Wage rate 
4,733 
2.74 
Average 1 
Income 
Wage rate 
-507 
0.22 
2,071 
1.46 
4,448 
2.60 
Upland 1 
Income 
Wage rate 
156 
0.54 
2,810 
1.81 
5,279 
3.00 
Upland 2 
Income 
Wage rate 
165 
0.54 
2,824 
1.82 
5,307 
3.01 
The hourly wage rate is obtained by adding the esti­
mated cost of urban housing, $960, to the farm's labor-
management income and then dividing this sum by 2080, the 
annual nonfarm work load assumed. 
A third optimum plan was not obtained for the low and 
medium levels of efficiency. 
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to high level allows the farmer to achieve all the income 
goals, i.e., to earn labor-management incomes equivalent to 
the adjusted annual salaries of unskilled, semiskilled and 
skilled factory workers. Nonfarm employment at an hourly 
wage rate of $2.74 produces an income equivalent to the 
maximum labor-management income with high efficiency. 
The optimum plans for income goals A and B, respec­
tively, can be obtained by reducing the scale of plan 1 for 
a high efficiency level by 23 and 40 per cent. Income goal 
C is greater than the labor-management income obtained from 
plan 1 and smaller than the income obtained from plan 2. 
Hence, the optimum plan for a labor-management income of 
$4,656 is obtained by interpolation between plans 1 and 2. 
Seven activities, land renting (623 acres), OOSb^ (71 
acres), CCOMMgQ (36 acres), CCOMVLg^ (99 acres), beef cow, 
sell calf (50 head), 2-litter hogs (48 head) and hay labor 
hiring (203 hours), are included in the optimum farm plan 
for income goal C. 
Average farm The maximum labor-management income on 
the average farm is negative, $-507, when a low level of 
efficiency is assumed. Thus, the programming results sug­
gest that a farmer with a low efficiency level can not 
achieve any of the income goals, i.e., he can not earn a 
labor-management resource return equivalent to that of an 
unskilled factory worker. An improvement in efficiency from 
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the low to medium level enables a farmer to attain income 
goal A, but he can not achieve income goals B and G. 
Both income goals A and B, but not C, can be achieved 
by a highly efficient farmer. Thus, a highly efficient 
farmer can obtain labor-management resource returns equiva­
lent to those of an unskilled or semiskilled factory worker. 
The maximum labor-management income for a farmer with a high 
efficiency level is equivalent to the nonfarm income pro­
duced by an hourly wage rate of $2.60. The optimum plans 
for income goals A and B can be obtained by reducing the 
scale of plan 1 by 40 and 22 per cent, respectively. 
Upland farm Although the maximum labor-management 
income for a low efficiency level is positive on the upland 
farm, none of the income goals can be achieved. Hence, a 
low efficiency farmer can not obtain a labor-management re­
source return equivalent to that of an unskilled Iowa 
factory worker. A farmer with a medium level of efficiency 
can achieve income goal A and can also nearly achieve income 
goal B. 
A highly efficient farmer on the upland farm can achieve 
all three income goals. Thus, he can earn a labor-management 
income equivalent to the adjusted annual salary of an un­
skilled, semiskilled or skilled factory worker. Nonfarm 
employment at an hourly wage rate of $3.01 produces an in­
come equivalent to his maximum labor-management income. The 
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optimum plans for income goals A, B and C can be obtained by 
reducing the scale of plan 1 by 46, 31, and 8 per cent, re­
spectively. 
Changes in the level of efficiency have a significant. 
effect upon the labor-management resource return or income 
which can be achieved on each farm. A farmer with a low 
level of efficiency can not achieve income goals A, B, or C 
on any of the three farms. If his other resources earn a 
competitive return, then a low efficiency farmer can not 
earn a labor-management return equal to that of an unskilled 
factory worker. A farmer with a medium efficiency level has 
a maximum labor-management income which is greater than in­
come goal A and less than income goal B on each farm. 
Hence, the labor-management return for a farmer operating 
with a medium level of efficiency exceeds the labor-
management return of an unskilled factory worker and is less 
than the labor-management return of a semiskilled factory 
worker. A highly efficient farmer on the hilly and upland 
farm can achieve an income which Exceeds each of the income 
goals, but his maximum income on the average farm is 
slightly less than income goal C. Thus, on the hilly and 
upland farms, a highly efficient farmer can earn labor-
management returns equal to or greater than the returns for 
a skilled factory worker. 
Consideration of the two sources of added income, 
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pulpwood production and fixed machinery cost reductions, has 
some effect upon the income goals which can be achieved 
under the condition of medium and high efficiency (Table 
69). With these sources of added income a farmer of medium 
efficiency is able to achieve income goal B on both the 
hilly and upland farm and is nearly able to achieve income 
goal B on the average farm. These sources of added income 
also allow a highly efficient farmer to achieve income goal 
C on the average farm. Hence, a farm with a medium effi­
ciency level can earn a labor-management return equal to the 
return of a semiskilled factory worker, and a highly effi­
cient farmer can' earn a labor-management return equal to the 
return of a skilled factory worker. Although the sources of 
added income allow a low efficiency farmer to attain a 
higher income, he can not achieve any of the income goals. 
Residual land prices and rents The labor-management 
incomes presented and discussed above are computed as 
residuals, i.e., charges assumed to represent competitive 
returns for all resources, other than operator-family labor 
and management, are subtracted from total revenue. Given 
the present farm plan, residual land prices and rents can be 
calculated for each income goal. 
Land price reductions ranging from 55 to 73 per cent 
are necessary if a farmer with a low efficiency level is to 
attain income goal A (Table 71). The land prices and rents 
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Table 71. Residual land prices and rents per acre which 
allow achievement of income goals A, B and C for 
specific optimum plans on selected Shelby-
Seymour -Edina soil mixtures with a $1.00 corn 
price level and varying levels of efficiency3-
Soil mixture 
and plan 
Income goal 
B 
Low efficiency 
Hilly 2 
Land price 
Land rent 
Average 1 
Land price 
Land rent 
Upland 2 . 
Land price 
Land rent 
$ 19.40 
1.26 
33.87 
2.20 
91.13 
5.92 
$ 4.85 
0:32 
Hilly 3 
Land price 
Land rent 
Average 1 
Land price 
Land rent 
Upland 2 
Land price 
Land rent 
136.57 
8.87 
221.66 
14.40 
420.91 
27.34 
High efficiency 
109.39 
7.11 
179.53 
11.66 
348.14 
22.62 
$ 69.86 
4.54 
118.25 
7.68 
242.29 
15.74 
o 
The interest and tax rates used to calculate the 
residual land prices are presented in Table 134. 
^With low efficiency the residual land rents for some 
soil mixtures and income goals are negative. 
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assumed in this study probably do not exceed the market 
price or use value of land by such a large amount. • If In­
come goal A represents competitive labor-management returns 
for a low efficiency farmer facing a $1.00 corn price level, 
then the results for model II suggest that he can not earn 
competitive returns for all his resources. 
The residual land prices for a highly efficient farmer 
with a maximum income equal to income goal A are 76 to 109 
per cent greater than the land price assumed in this study. 
Land price increases ranging from 4-3 to 73 per cent are also 
necessary if a highly efficient farmer's maximum Income is 
to equal income goal B. Finally to equate a highly effi­
cient farmer's income with income goal C requires higher 
land prices on the hilly (3 per cent) and upland farm (21 
per cent) and lower prices on the average farm (6 per cent). 
Thus, the results for model II suggest a highly efficient 
farmer can generally achieve competitive returns for all his 
resources if income goals A, B and-C represent competitive 
labor-management returns. However, it may not be unreason­
able to assume that the opportunity return for a highly 
efficient farmer's labor and management resources would, 
under appropriate circumstances, exceed the adjusted annual 
salary of a skilled Iowa factory worker. 
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Net farm income 
A farmer's income depends upon the quantity of re­
sources he owns and upon the return he receives per unit of 
owned resource. The incomes presented and discussed above 
are labor-management incomes, i.e., incomes for a farm 
family owning no resources other than their labor and 
management. Incomes for farm families owning resources in 
addition to their labor and management are presented in 
Table 72. 
Low efficiency The net income of a farmer with a 
low efficiency level increases sharply as his asset equity 
rises. Complete ownership of class II assets produces net 
incomes which are $1,005 to $1,458 greater than the labor-
management incomes for the five optimum plans in Table 72. 
Farmers owning all their resources earn net farm incomes 
which are 129 to 462 per cent greater than the net incomes 
of farmers owning only their class II assets. 
Farmers in the study area were assumed to own 67 and 90 
per cent of their class I and II assets, respectively. A 
low efficiency farmer with the assumed equity position would 
obtain net incomes of $2,551, $1,941, and $2,500 on the 
hilly, average and upland farms, respectively. These net 
farm incomes are considerably smaller than the farm family's 
expenditure goal of $3,751 considered previously. Even with 
complete resource ownership a low efficiency farmer can not 
Table 72, Net farm incomes for the optimum plans on selected Shelby-Seymour-Edina 
farms with a $1.00 corn price level and varying levels of asset equity 
and efficiency 
Per cent 
in asset 
equity 
class 
Farms 
Hilly Average Upland 
I II Plan 1 Plan 2 Plan 3a Plan 1 Plan 1 Plan 2 
Low efficiency 
0 
0 
0 
0 
0 
32-2 66.6 
100.0 
$ -50 
395 
841 
1,286 
$ 1 
486 
972 
1,457 
$ -507 
-172 
163 
498 
$ 156 
505 
853 
1,202 
$ 165 
515 
865 
1,215 
25 
25 
25 
22-2 66.6 
100.0 
934 
1,379 
1,824 
949 
1,434 
1,919 
4o4 
739 
1,074 
1,028 
1,376 
1,725 
1,034 
1,384 
1,734 
50 
50 
50 
33.3 
66.6 
100.0 
1,472 
1,917 
2,362 
l,4ll 
1,896 
2,382 
979 
1,314 
1,649 
1,550 
1,899 
2,248 
1,552 
1,902 
2,252 
75 
75 
75 
33.3 
66.6 
100.0 
2,010 
2,455 
2,9001 
1,873 
2,359 
2,844 
1,555 
1,890 
2,225 
2,073 
2,422 
2,771 
2,071 
2,421 
2,771 
100 
100' 
100 
33.3 
66.6 
100.0 
2,548 
2,993 
3,439 
2,336 
2,821 
3,306 
2,130 
2,465 
2,800 
2,596 
2,945 
3,294 
2,590 
2,940 
3,290 
aWith a low efficiency level only two optimum plans are obtained for the 
hilly farm. 
Table 72. (Continued) 
Per cent equity Farms 
in asset class Hilly Average Upland 
II Plan 1 Plan 2 Plan 3 Plan 1 Plan 1 Plan 2 
High efficiency 
0 0 $4,509 $4,702 $4,733 $4,448 $5,279 $5,307 
0 33.3 5,068 5,305 5,305 4,850 5,725 5,735 
0 66.6 5,627 5,908 5,877 5,251 6,170 6,163 
0 100.0 6,186 6,511 6,449 5,698 6,616 6,591 
25 33.3 5,618 5,783 5,821 5,437 6,278 6,305 
25 66.6 6,177 6,386 6,393 ^'839 6,723 6,733 
25 100.0 6,737 6,988 6,964 6,286 7,169 7,161 
50 33.3 6,169 6,260 6,337 6,025 6,831 6,875 
50 66.6 6,728 6,863 6,908 6,427 7,277 7,303 
50 100.0 7,287 7,466 7,480 6,873 7,723 7,731 
75 33.3 6,719 6,738 6,852 6,613 7,385 7,845 
75 . 66.6 7,278 7,341 7,424 7,014 7,830 7,873 
75 100.0 7,837 7,943 7,991 7,461 7,276 8,301 
100 33.3 7,269 7,215 7,368 7,300 7,938 8,014 
100 66.6 7,828 7,818 7,940 7,701 8,383 8,443 
100 100.0 8,387 8,421 8,512 8,149 8,829 8,871 
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achieve the expenditure goal on any of the three farms. 
Two sources of additional income, puipwood production 
and fixed machinery cost reductions, increase net farm in­
come as well as labor-management income. Consideration of 
these two sources of added income enables the low efficiency 
farmer owning all his resources to achieve or nearly achieve 
the expenditure goal on each farm. Obviously, many of the 
farmers in the study area do not own all their resources. 
Thus, the programming results suggest that low efficiency 
farmers owning few resources may be confronted with a very 
severe income problem. In addition, the family consumption 
expenditure goal does not consider expenditures the family 
must make for tax and debt repayment purposes or for desired 
savings or investment plans. Thus, net farm incomes which 
equal the consumption expenditure goal may be insufficient 
to meet the income requirements of many farm families. 
High efficiency ' The labor-management or zero asset 
equity income for a highly efficient farmer is relatively 
large on each farm. For example, it is larger than the net 
income of a low efficiency farmer owning all his resources. 
Increases in asset equity again result in a large increase 
in net farm income. The net incomes of farmers owning all 
their class II assets are 29 to 43 per cent greater than the 
labor-management incomes for the three farms. 
The labor-management income for a highly efficient 
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farmer on any of the three farms is larger than the consump­
tion expenditure goal, $3,751. Consequently, a farmer 
owning 67 and 90 per cent of his class I and II assets, re­
spectively, also attains net incomes greater than the ex­
penditure goal. With this equity position, net incomes of 
$7,660, $7,138, and $7,991 are obtained on the hilly, 
average and upland farms, respectively. Although a highly 
efficient farmer owning no resources other than his labor 
and management can achieve a net farm income greater than 
the consumption expenditure goal, the expenditure goal does 
not include the farm family's income tax payments and does 
not consider its saving, investment and debt repayment 
plans. One must also remember that only a few farmers in 
the study area are presently operating with a high level of 
efficiency. 
The programming results presented in this section and 
in the previous sections are for a farmer facing a $1.00 
corn price level. In the following section, the effects of 
farm product price level changes upon the optimum plans for 
the Shelby-Grundy-Haig farms are considered. 
The Effect of Price Level Changes 
The results obtained for the programming models are in­
fluenced by the input-output coefficients, the product and 
input prices, and the constraints assumed. In the preceding 
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two sections the effects of changes in the efficiency level 
(input-output coefficients) upon optimum farm plans were con­
sidered. In this section the effects of changes in the price 
level of farm products and farm produced inputs upon the op­
timum plans for the Shelby-Grundy-Haig farms are considered. 
Kutish (44), in a recent study, projects a continued 
trend of increased agricultural production and falling agri-
cultural prices. Consequently, only price levels falling 
below the $1.00 price level are considered. The two alterna­
tive price levels selected are a $0.90 corn price level and 
an $0.80 corn price level. Prices for specific inputs and 
outputs at the $0.90 and $0.80 corn price levels are pre­
sented in Table 19. Note that only the prices of farm prod­
ucts and farm produced inputs decline, and that current prices 
(1959) are assumed for all inputs not produced on farms. 
The $0.80 corn price level is selected to approximate a 
level at which agricultural prices would exist with free 
market conditions in agriculture. Two recent studies sug­
gest that the agricultural price level would lie near or 
below this study's $0.80 corn price level under conditions 
approximating free production and marketing of agricultural 
commodities (54, 88). 
The results for programming models I and III are pre-
Kutish assumes a continuation of present government 
programs, average weather and current trends in techno­
logical progress. 
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sented and discussed in the first two parts of this section. 
As indicated in the previous two sections, labor-management 
and net incomes for a low efficiency farmer, facing a $1.00 
corn price level, are very small. Hence, only two levels of 
efficiency, medium and high, are considered here. The third 
and fourth parts of this section are devoted to a comparison 
of the farm plans for varying price levels and to a discus­
sion of the results for model II. In the final part of this 
section the effects of price level changes upon net farm in­
come are considered. 
Models I and III, medium efficiency 
The optimum plans for the three Shelby-Grundy-Haig 
farms with a medium level of efficiency and two alternative 
corn price levels are presented below. Table 73 contains 
the optimum plans for the $0.90 corn price level, and Table 
75 contains the optimum plans for the $0.80 corn .price 
level. The effects of price level changes upon the optimum 
organization, optimum size and labor-management income for 
each farm are considered below. 
Ninety-cent corn price level Two optimum plans are 
obtained on the hilly farm with a $0.90 corn price level, 
while only one optimum plan is obtained with the $1.00 price 
level (Tables 47 and 73)• The rotation containing the 
highest proportion of row crops is chosen as usual in plan 1 
Table 73. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
levels of income for selected soil mixtures, medium efficiency and 
$0.90 corn price level 
Operator-
Total family 
Soil mixture variable Limiting labor 
and plan Income cost Activities and levels resources used 
Hilly farm 
1 $ -687 $11,228 Land renting 
CCOMMQ 
Beef cow, 
sêll calf 
2-litter hogs 
Hay labor hire 
813 acres 
246 acres 
74 head 
36 litters 
296 hours 
May-June 
labor 
Cropland 
Peed grain 
Hay 
2,300 
-587 12,087 Land renting 
CCOMM1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
677 acres 
204 acres 
72 head 
4l litters 
288 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
2,341 
Income refers to labor-management income with no reduction for income tax. 
Table 73. (Continued) 
Operator-
Total " family 
Soil mixture variable . Limiting labor 
and plan Income cost Activities and levels resources used 
Average farm 
1 $ 370 $10,957 Land renting 
CCOMA1 
CCOMMBO 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
371 acres 
l4o acres 
66 acres 
40 head 
50 litters 
38 tons 
159 hours 
March-April 
labor 
Cropland 
Peed grain 
Hay 
Pasture 
2,130 
Upland farm 
1 1,966 10,059 Land renting 
CCSb, 
223 acres 
158 acres 
2-litter hogs 56 litters 
March-April 
labor 
Cropland 
Peed grain 
1,838 
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for the lower price level, but the rotation is not ferti­
lized. The first plan may be considered the least cost or 
most efficient plan for producing income because the ratio 
of added dollar of total variable cost to added dollars of 
net revenue or labor-management income is the smallest for 
the first optimum farm plan in each situation. Thus, a re­
duction in prive level causes the hilly farm's least cost or 
most efficient plan to become more extensive, i.e., land 
renting is substituted for capital or fertilizer, and forage 
and beef cow production increase relative to feed grain and 
hog production. A change in price level does not change the 
limiting resources, May-June labor, cropland, feed grain and 
hay. Permanent pasture is not a limiting resource for 
either price level.^ . 
The primary organizational change from plan 1 to plan 2 
for the hilly farm is a substitution of capital, in the form 
of fertilizer, for land. Fertilization results in increased 
feed grain production. Hence, hog production also increases 
(5 litters), while beef production and hay labor hiring de­
cline by 2 head and 8 hours, respectively. Plans 1 and 2 
are limited by the same resources. 
The maximum income plans for the two corn price levels 
on the hilly farm, plan 1 for the $1.00 price level and 
"*"At the $0.90 price level, 84 acres remain unused. 
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plan 2 for the $0.90 price level, have the same organiza­
tion. All the measures of size, except total annual sales, 
are also nearly the same for these two plans (Tables 47, 48, 
73 and 74). The decline in price level causes a 10 per cent 
decline in total annual sales. The price level reduction 
causes approximately the same absolute change in total 
annual sales and labor-management income because the decline 
in price level has relatively little effect upon total vari­
able cost and no effect upon fixed machinery costs. With 
relatively stable costs a price level decline causes a small 
percentage decline in total annual sales relative to the 
percentage decline in labor-management income because total 
sales are considerably larger than labor-management income. 
Thus, a 10 per cent decline in the corn price level, $1.00 
to $0.90, causes a 174 per cent decline ($791 to $-587) in 
maximum labor-management income on the hilly farm. 
Two optimum plans are obtained for the average farm 
with a $1.00 corn price level, while only one optimum plan 
is obtained with a $0.90 corn price level. The organization 
of the first plan for the two price levels is identical. 
The measures of size, except for total annual sales, are 
also approximately the same for both plans, but the labor-
management incomes for the two plans differ significantly, 
$1,775 versus $370. Thus, a 10 per cent decline in the 
price level results in about an 80 per cent decline in 
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Table 74. Total capital investment, total annual cash 
expense, and total annual sales for the optimum 
farm plans on selected Shelby-Grundy-Haig soil 
mixtures with medium efficiency and varying corn 
price levels 
Soil mixture Total capital Total annual Total annual 
and plan investment3- cash expense" sales 
Hilly 
1 
2 
Average 
1 
Upland 
1 
$82,915 
73,225 
68,732 
63,340 
$0.90 corn price level 
$5,537 
6,935 
6,274 
5,938 
$11,996 
12,923 
12,886 
13,967 
Hilly 
1 
Average 
1 
Upland 
1 
$0.80 corn price level 
81,737 5,537 10,669 
68,035 6,276 11,462 
63,787 5,938 12,423 
Total capital investment consists of land value plus 
the average value of machinery, breeding livestock, live­
stock equipment, livestock buildings and crop buildings. 
bTotal annual cash expense consists of 1. total annual 
cash expenses for livestock, 2. crop production, seed, 
fertilizer, shelling and crop building repair costs and 
3. corn buying cost. 
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income. The lack of a second optimum plan with the $0.90 
price level also indicates that the substitution of 1-litter 
hogs for 2-litter hogs and the accompanying acreage expan­
sion is not profitable at the lower price level. 
A single optimum plan is obtained on the upland farm 
for the $1.00 and $0.90 price levels. The decline in price 
level has no effect upon the optimum organization of the 
upland farm and has relatively little effect upon total 
capital investment, total annual cash expense, or total 
variable cost. However,, a 10 per cent decline in the price 
level causes total annual sales and labor-management income 
to decline by 10 and 44 per cent, respectively. The decline 
in the price level causes the largest absolute and the 
smallest percentage decline in income on the upland farm be­
cause its maximum income is larger than on the other two 
farms. 
Eighty-cent corn price level Only one optimum plan 
is obtained for the hilly farm with an $0.80 price level. 
The organization of this plan and of plan 1 for the $0.90 
price level is identical (Tables 73 and 75). Hence, a 20 
per cent reduction in the price level, $1.00 to $0.80, 
causes the same change in the organization of the first 
(least cost or most efficient) optimum farm plan as a 10 per 
cent reduction in the price level, $1.00 to $0.90. Since a 
second (maximum income) plan is obtained for the $0.90 price 
Table 75. Shelby-Grundy-Haig soil area : minimum cost plans for achieving 
varying levels of income for selected soil mixtures, medium efficiency 
and $0.80 corn price level 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Hilly 
farm 
1 
$-1,942 $11,160 
Average 
farm 
1 
Upland 
farm 
1 
-1,018 10,916 
438 10,053 
Land renting 813 acres 
CCOMM0 246 acres 
Beef cow, 
sell calf 74 head 
2-litter hogs 36 litters 
Hay labor hire 296 hours 
Land renting 371 acres 
CCOMA1 140 acres 
CCOMMG0 66 acres 
Beef cow, 
sell calf 4o head 
2-litter hogs 50 litters 
Hay transfer 38 tons 
Hay labor hire 159 hours 
Land renting 223 acres 
CCSb1 158 acres 
2-litter hogs 56 litters 
May-June 
labor 
Cropland 
Feed grain 
Hay 
March-April 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 
labor 
Cropland 
Feed grain 
2,300 
2,130 
1,838 
Income refers to labor-management income with no reduction for income tax. 
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level, 10 and 20 per cent reductions In the price level do 
not result in the same maximum income plan. 
The first plan obtained for each farm can be considered 
the most efficient plan because fewer additional dollars of 
total variable cost are required to produce an additional 
dollar of income than in any subsequent plan. The last plan 
obtained is the maximum income plan. Only one plan, which 
is both the most efficient and the maximum income plan, is 
obtained on the hilly farm with a $1.00 price level, and all 
the cropland is heavily fertilized. In the first or most 
efficient plan for the $0.90 price level the cropland is not 
fertilized, but in the second or maximum income plan all the 
cropland is heavily fertilized. Since only one plan is ob­
tained for the $0.80 price level, it is also the most effi­
cient and the maximum income plan, but none of the cropland 
is fertilized. With a $1.00 price level a heavy rate of 
fertilization is efficient and necessary to maximize income. 
With a $0.90 price level a heavy rate of fertilization is no 
longer efficient, but it is necessary to maximize income. 
Finally, with an $0.80 price level a heavy rate of fertili­
zation is neither efficient nor necessary to maximize in­
come. 
As the price level declines, a more extensive farm or­
ganization (more land relative to other inputs) becomes the 
most efficient for producing a given income and finally 
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becomes necessary to maximize income on the hilly farm. 
Changes in the price level do not affect the measures of 
farm size, except total annual sales. However, a. 20 per 
cent reduction in the price level, from $1.00 to $0.80, 
causes the maximum labor-management income to decline $2,733 
or 346 per cent. 
The single optimum plan on the average farm with an 
$0.80 price level has the same organization as the first 
plan for the $0.90 and $1.00 price level. Hence, reducing 
the corn price level from $1.00 to $0.80 has the same effect 
upon the optimum farm organization as reducing the price 
level from $1.00 to $0.90. The most important effect of the 
decline in price level is the reduction in the maximun 
labor-management income, $2,823 or 156 per cent. 
Reducing the corn price level from $1.00 to $0.90 to 
$0.80 has no effect upon the optimum organization of the 
upland farm, but the decline in the price level causes a 
drastic reduction in income. Thus, a 20 per cent decline in 
price level, from $1.00 to $0.80, reduces the maximum labor-
management income by 88 per cent. 
Models I and III, high efficiency 
The optimum plans for the three Shelby-Grundy-Haig 
farms with a high level of efficiency and two alternative 
price levels are presented below. Table 76 contains the 
Table 76. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
levels of income for selected soil mixtures, high efficiency and a 
$0.90 corn price level 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Hilly $1,356 $13,422 Land renting 650 acres 
farm CCOMM1 196 acres 
1 Beef cow, 
sell calf 79 head 
2-litter hogs 42 litters 
Hay labor hire 316 hours 
Average 2,520 12,828 Land renting 372 acres 
farm N CCOMA1 l4l acres 
_L CCOMMGQ 65 acres 
Beef cow, , 
sell calf 45 head 
2-litter hogs 53 litters 
Hay transfer 28 tons 
Hay labor hire 180 hours 
Upland 4,215 12,003 Land renting 229 acres 
farm CCSb1 162 acres 
1 2-litter hogs 60 litters 
May-June 
labor 
Cropland 
Feed grain 
Hay 
March-April 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 
labor 
Cropland 
Feed grain 
2,434 
2,268 
1,951 
cL Income refers to labor-management income with no reduction for income tax. 
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optimum plans for the $0.90 corn price.level, and Table 78 
contains the optimum plans for the $0.80 corn price level. 
Ninety-cent corn price level The reduction in price 
level from $1.00 to $0.90 has relatively little effect upon 
the optimum organization for any of the three farms. The 
optimum plans on the hilly and upland farm are identical for 
the two price levels (Tables 57, 60 and 76). The organiza­
tion of the first optimum plan on the average farm is iden­
tical for the $1.00 and $0.90 corn price level, but the 
second plan, which is obtained with the $1.00 price level, 
is not obtained for the $0.90 price level (Tables 59 and 
76). Thus, a 10 per cent decline in the price level makes 
substitution of 1-litter hogs for 2-litter hogs and the 
accompanying increase in land renting unprofitable. 
The reduction in price level does not affect fixed 
costs and has relatively little effect upon total variable 
cost, total capital investment, or total annual cash expense 
for the optimum plans (Table 77). The primary effect of the 
price level decline is a sharp reduction in total annual 
sales and in maximum labor-management incomes. Thus, the 
maximum labor-management incomes on the hilly, average and 
upland farm are reduced by $1,712, $1,834 and $1,991, re­
spectively."^ Note again that the absolute decline in income 
"'"These absolute declines in income represent percentage 
declines of 56, 42 and 32 per cent, respectively. 
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Table 77. Total capital investment, total annual cash 
expense and total annual sales for the optimum 
farm plans on selected Shelby-Grundy-Haig soil 
mixtures with high efficiency and varying corn 
price levels 
Soil mixture 
and plan 
Total capital Total annual Total annual 
investment3- cash expense" sales 
Hilly 
1 
Average 
1 
Upland 
1 
$0.90 corn price level 
$73,637 $8,137 $16,222 
71,058 7,867 16,766 
65,782 7,612 17,896 
Hilly 
1 
Average 
1 
Upland 
1 
$0.80 corn price level 
72,276 8,138 14,413 
70,232 7,863 14,893 
65,650 7,612 15,895 
Total capital investment consists of land value plus 
the average value of machinery, breeding livestock, live­
stock equipment, livestock buildings and crop buildings. 
^Total annual cash expense consists of 1. total annual 
cash expenses for livestock, 2. crop production, seed, 
fertilizer, shelling and crop building repair costs and 
3. corn buying cost. 
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is greatest on the upland farm while the percentage decline 
in income is the smallest. 
Eighty-cent corn price level -Reducing the price 
level from the $0.90 to the $0.80 level has no effect upon 
the optimum organization for any of the three farms (Tables 
?6 and 78). This price level reduction also has relatively 
little effect upon total variable cost, total capital in­
vestment or total annual cash expense (Table 77). However, 
reducing the price level from $1.00 to $0.80 has a signifi­
cant effect upon the maximum labor-management incomes 
achieved on each farm. A 20 per cent reduction in the price 
level causes the. maximum incomes for the hilly, average and 
upland farms "to decline by $3,433, $3,669 and $3,996 or by 
112, 84 and 64 per cent, respectively. 
Farm plans for varying price levels compared 
The results for linear programming models I and III 
suggest that reductions in the corn price level (a) have 
little effect upon the optimum organization or total cost 
for each farm, (b) cause some reduction in total annual 
sales and (c) result in drastic declines in maximum labor-
management income. However, reductions in the price level 
result in severe income declines only if input prices remain 
the same. The prices for inputs produced on the farm or 
used primarily in agriculture would generally be expected to 
Table 78. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
levels of income for selected soil mixtures, high efficiency and $0.80 
corn price levels 
Soil 
mixture 
and plan Income 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
Hilly $ -365 $13,346 Land renting 650 acres 
farm CC0MM1 196 acres 
1 Beef cow, 
sell calf 79 head 
2-litter hogs 42 litters 
Hay labor hire 316 hours 
Average . 685 12,778 Land renting 372 acres 
farm CCOMA1 l4l acres 
X CCOMMGQ 65 acres 
Beef cow, 
sell calf 45 head 
2-litter hogs 53 litters 
Hay transfer 28 tons 
Hay labor hire 180 hours 
Upland 2,210 11,995 Land renting 229 acres 
farm CCSb1 162 acres 
1 2-litter hogs 60 litters 
May-June 
labor 
Cropland 
Feed grain 
Hay 
March-April 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 
labor 
Cropland 
Feed grain 
2,434 
2,268 
1,951 
aIncome refers to labor-management income with no reduction for income tax. 
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decline if agricultural product prices fell sufficiently, 
ceteris paribus. Prices of seeds, protein supplement feeds, 
and land are-assumed to be the same for the $1.00, $0.90, 
and $0.80 corn price levels in this -study. Hence, the pro­
gramming models may overestimate the declines in maximum 
labor-management.income associated with a 10 or 20 per cent 
price level reduction. 
Model II 
The goal or objective in model II is to achieve com­
petitive resource returns for the labor and management re­
sources of the operator and his family. A farmer's achieve­
ment of specific incomes or resource returns is certainly 
affected by price level changes because such changes cause 
his income to fluctuate sharply. The results for model II 
with $1.00, $0.90 and $0.80 corn price levels indicate the 
magnitude of the effect of price level changes upon the 
achievement of specific income goals. The adjusted annual 
salaries of unskilled, semiskilled, and skilled Iowa factory 
workers are again assumed as competitive labor-management re­
source returns or income goals A, B and C, respectively.1 
The adjusted annual salaries for unskilled, semi­
skilled and skilled Iowa factory workers are assumed to be 
$1,848, $2,992 and $4,656, respectively. 
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Medium efficiency Table 79 contains the labor-
management incomes and equivalent nonfarm hourly wage, rates 
for the optimum farm plans with three corn price levels and 
medium efficiency. With a $1.00 corn price level, none of 
the income goals can be achieved on the hilly farm; income 
goal A can nearly be achieved on the average farm; and in­
come goals A and B can be achieved on the upland farm. . With 
a 10 per cent decline in the price level, $1.00 to $0.90, • 
none of the income goals can be achieved on the hilly and 
average farms, and only income goal A can be achieved on the 
upland farm. None of the income goals can be achieved on 
any of the farms with an $0.80 corn price level. 
Thus, with a $1.00 corn price level, the results for 
model II suggest that a farmer of medium efficiency can earn 
labor-management resource returns equivalent to those of 
unskilled or semiskilled factory workers.1 The results for 
the $0.90 corn price level suggest that a farmer with medium 
efficiency will have difficulty earning labor-management 
resource returns equivalent to those of an unskilled factory 
worker. Finally, the results for the $0.80 price level 
indicate that the labor-management resource returns for a 
farmer with medium efficiency fall far below those of an 
^11 resources, other than operator-family labor and 
management, are assumed to receive competitive returns in 
model II. 
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Table 79. Labor-management incomes and equivalent nonfarm 
hourly wage rates for the optimum farm plans on 
selected Shelby-Grundy-Haig soil mixtures with 
medium efficiency and varying corn price levels3. 
Soil mixture Corn price level 
and plan $1.00 $0.90 $0.80 
Hilly 1 
Income $ 791 $ -687 $-1,942 
Wage rate 0.84 0.13 -0.47 
Hilly 2b 
Income - -587 
Wage rate - 0.18 -
Average 1 
Income 1,775 370 -1,018 
Wage rate 1.31 0.64 -0.03 
Average 2° 
Income 1,805 
Wage rate 1.33 
Upland 1 
Income 3,511 1,966 438 
Wage rate 2.15 1.4l O.67 
The hourly wage rate is obtained by adding the estimated 
cost of urban housing, $960, to the farm's labor-management 
income and then dividing this sum by 2080, the annual nonfarm 
work load assumed. 
^A second optimum plan was not obtained for the $1.00 
and $0.80 corn price levels. 
CA second optimum plan was not obtained for the $0.90 
and $0.80 corn price levels. 
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unskilled factory worker. 
High efficiency Table 80 contains the labor-
management incomes and equivalent nonfarm hourly wage rates 
for the optimum farm plans with three corn price levels and 
high efficiency. The programming results for a $1.00 price 
level indicate that income goals A and B can be achieved on 
the hilly and average farms, and that all three income goals 
can be achieved on the upland farm. With a $0.90 corn price 
level none of the income goals can be achieved on the hilly 
farm; only income goal A can be achieved on the average 
farm; and only income goals A and B can be achieved on the 
upland farm. When the price level declines to $0.80, none 
of the income goals can be achieved on the hilly and average 
farm, and only income goal A can be achieved on the upland 
farm. 
Thus, the results for model II suggest that a highly 
efficient farmer facing a $1.00 corn price level can earn 
labor-management resource returns equivalent to those of 
semiskilled or skilled factory workers. With a $0.90 price 
level his labor-management resource returns will be com­
parable to those of an unskilled or semiskilled factory 
worker. When the price declines to $0.80, a highly effi­
cient farmer's labor-management resource returns may equal 
or fall below those of an unskilled factory worker. 
Changes in the efficiency and price levels assumed 
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Table 80. Labor-management incomes and equivalent nonfarm 
hourly wage rates for the optimum farm plans on 
selected Shelby-Grundy-Haig soil mixtures with 
high efficiency and varying corn price levels9-
Soil mixture Corn price level 
and plan $1.00 $0.90 $0.80 
Hilly 1 
Income 
Mage rate 
$3,068 
1.94 
$1,356 
1.11 
$ -365 
0.29 
Average 1 
Income 
Wage rate 
4,348 
2.55 
2,520 
1.67 
685 
0.79 
Average 2° 
Income 
Wage rate 
4,354 
2.55 
-
-
Upland 1 
Income 
Wage rate 
6,206 
3.45 
4,215 
2.49 
2,210 
1.52 
The hourly wage trate is obtained by adding the esti­
mated cost of urban housing, $960, to the farm's labor-
management income and then dividing this sum by 2080, the 
annual nonfarm work load assumed. 
^A second optimum plan was not obtained for the $0.90 
and $0.80 corn price levels. 
affect the labor-management income of the farm family. The 
maximum labor-management incomes for model II (Tables 79 and 
80) with varying price and efficiency levels provide some 
information about the relative effects of efficiency and 
price level changes upon income. A decline in the price 
level from $1.00 to $0.90 reduces the maximum income for the 
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highly efficient farmer on the hilly, average and upland 
farms by $1,712, $1,834 and $1,991, respectively. With a 
$1.00 price level, a decline in the farmer's efficiency from 
high to medium reduces his maximum income by $2,277, $2,549 
and $2,695 on the hilly, average and upland farms, respec­
tively. Thus, in model II the income gains and losses 
associated with a change in efficiency level appear to be 
greater than those associated with a 10 per cent change in 
price level. However, the income gains and losses asso­
ciated with changes in efficiency must be reduced if changes 
in efficiency are not costless to the farmer. 
Net farm income 
Since the incomes discussed above are labor-management 
incomes, they represent the incomes available to farm 
families owning only their labor-management resources. Many 
farm families own other resources in addition to their labor 
and management. Hence, estimates of the incomes associated 
with each optimum plan for varying levels of farmer asset 
equity are presented in this section. 
Medium efficiency Estimates of the net farm incomes 
associated with the optimum plans for the three farms at the 
$0.90 and $0.80 price levels are presented in Table 81. Im­
provements in the farmer's equity position result in large 
increases in his net income at any price level. For 
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Table 8l. Net farm. Incomes for the optimum plans on 
selected Shelby-Grundy-Haig farms with medium 
efficiency, varying corn price levels and 
varying levels of asset equity 
Per cent equity Farms 
in asset class Hilly Average Upland 
II Plan 1 .Plan 2 Plan 1 Plan 1 
0 0 $ -687 $ -587 
0 33.3 -107 20 
0 66.7 473 637 
0 100.0 1,053 1,234 
25 33.3 561 582 
25 66.7 1,141 1,189 
25 100.0 1,721 1,796 
50 33.3 1,230 1,144 
50 66.7 1,810 1,751 
50 100.0 2,390 2,358 
75 33.3 1,898 1,706 
75 66.7 2, 478 2,314 
75 100.0 3,058 2,921 
100 33.3 2,567 2,269 
100 • 66.7 3,147 2,876 
100 100.0 3,727 3,% 
$0.90 corn price level 
$ 370 $1,966 
869 2,336 
1,369 2,707 
1,868 3,077 
1,436 2,914 
1,936 3,284 
2,435 3,655 
2,003 3,492" 
2,503 3,862 
3,002 4,232 
2,570 4,069 
3,070 4,440 
3,569 4,810 
2,397 4,647 
3,636 5,017 
4,136 5^387 
$0.80 corn price level 
0 0 -1,942 -1,018 .438 
0 33.3 -1,385 -532 706 
0 66.7 -828 -46 1,175 
0 100.0 
-271 440 1,543 
25 33.3 -716 35 1,284 
25 66.7 -159 521 1,752 
25 100.0 398 1,007 2,120 
50 33.3 -48 602 1,862 
50 66.7 509 1,088 2,330 
50 100.0 1,066 1,574 2,698 
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Table 8l., (Continued) 
Per cent equity 
in asset class 
Farms 
Hilly Average Upland 
I II Plan 1 Plan 2 Plan 1 Plan 1 
75 
75 
75 
33.3 
66.7 
100.0 
$ 621 
1,178 
1,735 
$1,169 $2,439 
1,655 2,907 
2,141 3,276 
100 
100 
100 
1,289 
1,846 
2,403 
1,736 3,017 
2,222 3,485 
2,708 3,853 
example, with a $0.90 corn price level the net income for a 
farmer owning all his resources on the upland farm is $3,421 
or 174 per cent greater than his labor-management income. 
Increases in the farmer's equity lead to similar increases 
in net farm income for the optimum plans on the other farms. 
Changes in net farm income are directly related to 
changes in the price level. A decline in the price level 
causes reductions in net farm income similar to the reduc­
tions in labor-management income cited previously. The 
relative effects of changes in the assumed levels of effi­
ciency and price upon net farm income and labor-management 
income are also similar. Hence, increasing a farmer's effi­
ciency from a medium to high level results in a larger in­
crease in net farm income than increasing the corn price 
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level from $0.80 to $0.90 or $0.90 to $1.00 (Tables 51, 64, 
8l and 82). 
The net farm income for varying price levels and asset 
equity positions can also be compared with the family con­
sumption expenditure goal, $3,751, assumed previously. 
Given a $1.00 corn price level, a farmer of medium effi­
ciency can achieve the. income goal on each farm (Table 51). 
When the price level declines to $0.90, the farmer can no 
longer achieve the expenditure goal on the hilly farm, and 
with an $0.80 price level he can not achieve the expenditure 
goal on either the average farm or hilly farm. The farmer 
on the upland farm can achieve the expenditure goal with any 
of the three price levels, but the level of asset equity re­
quired increases sharply as the price level declines. ' Thus, 
to attain the expenditure goal with a $1.00 price level, the 
farmer must own only 33.3 per cent of his class II assets, 
but with an $0.80 price level he must own all his resources. 
In earlier discussions of net farm income, the assump­
tion that farmers in the study area own 67 and 90 per cent 
of their class I and II assets, respectively, was made. 
Given this equity position and a $1.00 corn price level, the 
farmer earns a net farm income exceeding $3,751 on each 
farm. The farmer can not achieve the expenditure goal on 
either the hilly or average farm with this equity position 
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and a $0.90 price level.1 The net farm income on each of 
the farms is less than $3,751 with an $0.80 price level and 
2 this equity position. 
The net farm incomes considered above suggest that 
medium efficiency farmers operating with a $0.90 price level 
must own a large proportion of their assets to achieve the 
expenditure goal. With an $0.80 price level and complete 
ownership of all assets, such farmers may not be able to 
attain the expenditure1 goal. Note again that the expendi­
ture goal of $3,751 does not consider the farm family's 
savings, investment or debt repayment plans. 
High efficiency Table 82 contains the estimates of 
net farm incomes for the optimum plans on the three farms 
with $0.90 and $0.80 corn price levels and varying levels of 
asset equity. The effects of price level declines upon net 
farm income are quite similar for the medium and high levels , 
of efficiency. 
The net income of the farmer with 67 and 90 per cent 
equity in his class I and II assets, respectively, is . 
''"With 67 and 90 per cent equity in class I and II 
assets, respectively, and a $0.90 price level, the net in­
comes for the optimum plans on the hilly, average and upland 
farms are $2,655, $2,553, $3,234 and $4,511, respectively. 
p 
With 67 and 90 per cent equity in class I and II 
assets, respectively, and an $0.80 price level, the net in­
comes for the optimum plans on the hilly, average and upland 
farms are $1,349, $1,810 and $2,976, respectively. 
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Table 82. Net farm incomes for the optimum plans on 
selected Shelby-Grundy-Haig farms with high 
efficiency, varying corn price levels and 
varying levels of asset equity 
Per cent 
in asset 
equity 
class 
• Farms 
Hilly . Average Upland 
I II Plan 1 Plan 1 Plan 1 
$0.90 corn price level 
0 0 $1,356 ' $2,520 $4,215 
0 33.3 2,031 ' 3,088 4,633 
0 66.7 2,707 3,655 5,052 
0 100.0 3,382 4,223 5,470 
25 33.3 2,573 3,658 . 5,229 
25 66.7 3,248 . 4,226 5,64% 
25 100.0 3,924 4,793 6,066 
50 33.3 3,114 4,229 5,825 
50 66.7 3,790 4,796 6,243 
50 100.0 4,466 5,364 6,662 
75 33.3 3,656 4,799 6,420 
75 66.7 4,331 • 5,367 6,839 
75 100.0 5,007 5,934 7,257 
100 33.3 4,197 5,370 7,016 
100 66.7 4,873 5,937 7,434 
100 100.0 5,548 6,505 7,854 
$0.80 corn price level 
0 0 -365 685 2,210 
0 33.3 285 1,237 2,626 
0 66.7 935 1,789 3,042 
0 100.0 1,585 2,340 3,458 
25 33.3 826 1,807 3,221 
25 66.7 1,476 2,359 3,637 
25 100.0 2,126 2,911 4,053 
50 33.3 1,368 2,378 3,817 
50 66.7 2,018 2,930 4,233 
50 100.0 2,668 3,481 4,649 
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Table 82. (Continued) 
Per cent 
in asset 
equity 
class 
Farms 
Hilly Average Upland 
I II Plan 1 Plan 1 Plan 1 
75 
75 
75 
33.3 
66.7 
100.0 
$1,909 
2,559 
3,209 
$2,948 
3,500 
4,052 
$4,413 
4,828 
5,244 
100 
100 
100 
33.3 
66.7 
100.0 
2,451 • 
3,100 
3,750 
3,518 
4,071 
4,620 
5,006 
5,422 
5,840 
greater than $3,751 on each farm for the $1.00 and $0.90 
I 
price levels. However, when the price level declines to 
$0.80, the net income for this equity position falls below 
, - 2 $3,751 on both the hilly and average farms. 
Although the highly efficient farmer's net income is 
reduced as the price level declines, there is an asset 
equity position which allows him to achieve the expenditure 
goal of $3,751 on each farm at each price level. The asset 
equity required to achieve the expenditure goal increases 
With the $0.90 price level, net incomes of $4,625, 
$5,576 and $6,938 are obtained on the hilly, average and 
upland farms, respectively. 
2With an $0.80 corn price level, net incomes of $2,835, 
$3,699 and $4,925 are obtained on the hilly, average and 
upland farms, respectively. 
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sharply as the price level declines. For example, the 
farmer operating with a $1.00 price level on .the hilly farm 
must own only 33.3 per cent of his class II assets, but with 
an $0.80 price level he must own all his resources. Thus, 
the net farm income data suggest that a highly efficient 
farmer does not have to own a large proportion of his assets 
to achieve a net income of $3,751 if the price level is 
$1.00 or above. However, he must own a large proportion or 
all of his resources to attain a net farm income of $3,751 
if the price level is $0.80 or less. 
• 
The Effects of Increases in the 
Quantity of Labor Resources 
The basic linear programming models contain the assump­
tion that the farmer and his family provide all the labor 
for all farming operations except hay harvesting. The solu­
tions for the basic programming models indicate that only 
one or two of the labor constraints limit the farm's size 
and help determine the farm's organization in each situation 
considered. If more of the limiting labor resources were 
available, the farm's size could be expanded and its income 
increased. Hence, the effects of increasing the monthly 
labor constraints are considered in this section. 
The solutions for the basic programming models indicate 
that the farm family's labor during the March-April and 
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May-June periods is often a limiting resource. One alterna­
tive way for a farmer to expand his labor constraints for 
these crucial time periods is to hire additional- labor. The 
effects of labor hiring upon the results for programming 
models I, II and III are considered in the first two parts 
of this section. Labor hiring activities for both the 
March-April and May-June period's are added to the basic pro­
gramming model. These two activities allow the farmer to 
hire unlimited amounts of labor at $1.35 per hour for these 
two crucial time periods, March-April and May-June. 
The farmer and his family can also increase their labor 
constraints by working more hours per day and/or more days 
per monthly period. The effects of increased annual labor 
inputs could be determined by programming each situation 
considered with different sets of labor constraints. Which 
labor constraints should be increased and by what amount ? 
Obviously an infinite number of changes can be made in the 
labor constraints. However, the two crop labor constraints, 
March-April, oats labor and May-June, corn labor, can not be 
changed unless the assumptions made about the machinery com­
binations are also changed. Hence, only the five monthly 
labor constraints can be changed through additional work 
effort by the farm family. 
Each farmer wishing to increase his income with the 
least additional cost will have considerable interest in 
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expanding the first programming solution or plan obtained 
for each farm situation because it is the most efficient 
solution, i.e., each additional dollar of labor-management 
income is produced with fewer dollars of additional total 
variable cost than in any subsequent solution or plan. In 
general, neither of the two crop labor constraints (March-
April, oats or May-June, corn) limit this first solution. 
Hence, in the last three parts of this section the first 
solution or optimum plan for each situation is expanded 
until either the March-April, oats or the May-June corn 
labor constraint becomes restricting, and the effects of 
this expansion upon labor-management income and total family 
labor requirements are considered. 
If the farmer can reduce his labor inputs for each 
activity during the crucial time period, he has increased 
the effective quantity of labor available. A reduction in 
the labor inputs for each activity has the same effect as an 
increase in the limiting monthly labor constraints if the 
reduction in labor inputs does not affect the cost coeffi­
cient for each activity. Hence, the results obtained with 
the assumption that only crop labor constraints limit the 
first solution also provide some information about the 
effects of an increase in labor efficiency. 
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Labor hiring, medium efficiency 
- The optimum farm plans for a farmer who has a medium 
level of efficiency, is operating with a $1.00 corn price 
level, and can hire labor during the March-April and May-
June periods are presented and discussed below. The results 
for the hilly, average and upland farms are presented in 
that order. 
Hilly farm The optimum plans for the hilly farm are 
presented in Table 83 and Figure 23. Adding the two labor 
hiring activities to the model has no effect upon the first 
optimum plan, for the labor hiring activities can not enter 
the plan until the stocks of either March-April or May-June 
labor are exhausted. Since the May-June labor constraint 
limits the first plan and since the stock of March-April 
labor is nearly exhausted, both the labor hiring activities 
are included in the second optimum plan. Plan 2 has the 
same organization as plan 1 and is merely an expansion of 
plan 1 with labor hiring. May-June, corn labor is the con­
straint limiting the scale of plan 2 because additional 
units of the other limiting resources could be purchased or 
produced if more May-June,, corn labor were available. 
Since plan 2 is the last plan obtained for the hilly 
farm, it is the maximum income plan. Thus, the addition of 
the labor hiring activities does not cause any change in the 
organization of the hilly farm, but it does cause an 
Table 83. Shelby-Grundy-Haig soil area : minimum cost plans for achieving 
varying levels of income for selected soil mixtures, March-April 
and May-June labor hire, medium efficiency and $1.00 corn price level 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Hilly 
farm 
1 
$ 791 $12,155 
1,413 17,229 
Land renting 
CC0MM1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
Land renting 
CC0MM1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
March-April 
labor hire 
May-June 
labor hire 
677 acres 
204 acres 
72 head 
4l litters 
288 hours 
932 acres 
282 acres 
99 head 
57 litters 
396 hours 
l6l hours 
196 hours 
May-June 2,341 
labor 
Cropland 
Feed grain 
Hay 
March-April 2,868 
labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
^Income refers to labor-management income with no reduction for income tax. 
Table 83. (Continued) 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Average 
farm 
1 
$1,775 $10,997 
1,985 11,728 
Land renting 371 acres 
CCOMA1 140 acres 
CCOMMBO 66 acres 
Beef cow, 
sell calf 4o head 
2-litter hogs 50 litters 
Hay transfer 38 tons 
Hay labor hire 159 hours 
Land renting 394 acres 
CCOMA1 149 acres 
CCOMMGQ 70 acres 
Beef cow, 
sell calf 42 head 
2-litter hogs 53 litters 
Hay transfer 4o tons 
Hay labor hire 169 hours 
March-April 
28 labor hire hours 
March-April 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 
labor 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,130 
2,237 
Table 83. (Continued) 
Soil Total 
mixture variable 
and plan Income cost Activities 
3 $2,267 $13,031 Land renting 
CCOMA1 
CCOMMgQ 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
March-April 
labor hire 
May-June 
labor hire 
4 2,291 13,513 Land renting 
CCOMAI 
CCOMMBO 
CO%BO 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
March-April 
labor hire 
May-June 
labor hire 
Operator-
Limiting family 
levels resources labor uèed 
434 acres 
164 acres 
77 acres 
46 head 
59 litters 
44 tons 
186 hours 
75 hours 
52 hours 
448 acres 
169 acres 
22 acres 
57 acres 
47 head 
6l litters 
42 tons 
189 hours 
98 hours 
March-April 2,364 
labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 2,395 
labor 
March-April, 
oats labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
6l hours 
Table 83. (Continued) 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
$2,317 $14,238 Land renting 
CCOMA1 
CCOMMBO 
GOMMgQ 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
March-April 
labor hire 
May-June 
labor hire 
Upland 
farm 
1 
3,511 10,065 Land renting 
COSb 
2-litter hogs 
477 acres 
180 acres 
8 acres 
76 acres 
52 head 
62 litters 
53 tons 
210 hours 
115 hours 
cvi CO 
hours 
223 acres 
158 acres 
56 litters 
March-April 
labor 
March-April, 
oats labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 
labor 
Cropland 
Feed grain 
2,468 
1,838 
Table 83. (Continued) 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
2 $3,833 $10,870 
3 3,842 11,497 
Land renting 239 acres 
CCSb1 169 acres 
2-litter hogs 60 litters 
March-April 
labor hire 32 hours 
May-June 
labor hire 30 hours 
Land renting 251 acres 
CCSb1 164 acres 
COMM^ 13 acres 
Beef cow, 
sell calf 8 head 
2-litter hogs 60 litters 
Hay labor hire 31 hours 
March-April 
49 labor hire hours 
May-June 
labor hire 50 hours 
March-April 1,909 
labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
March-April 1,993 
labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
Figure 23. Minimum cost plans for achieving varying 
levels of income on the Shelby-Grundy-Haig 
hilly farm with medium efficiency, $1.00 
corn price level and March-April and 
May-June labor hiring 
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expansion of the initial plan. The expansion of the initial 
plan nearly exhausts the total annual stock, of operator-
family labor, and it also produces a $622 or 79 per cent in­
crease in the maximum labor-*management income. This new 
maximum labor-management income Is equivalent to the " 
4 
adjusted annual income of a factory worker receiving an 
hourly wage of $1.14. Thus, despite the increase in income 
through labor hiring, the farmer can not achieve income goal 
A, the adjusted annual income of an unskilled Iowa factory 
worker. 
Average farm Table 83 and Figure 24 contain the 
five optimum plans obtained for the average farm when labor 
hiring activities are considered. Again the labor hiring 
activities have no effect upon the first optimum plan since 
they can not enter the plan until the stocks of March-April 
and/or May-June labor are limiting. Plans 2 and 3 are scale 
expansions of plan 1 with no change in organization, except 
the addition of labor hiring activities. Since the May-
June, corn labor constraint limits the farm's scale in plan 
3, the farm's scale can not be expanded further by hiring 
labor during the March-April and May-June periods. 
Plans 4 and 5 involve changes in organization as well 
as increases in the acreage of the average farm. In both 
plans a rotation containing a higher proportion of forage 
is substituted for a rotation containing a smaller 
Figure 24. Minimum cost plans for achieving varying 
levels of income on the Shelby-Grundy-Haig 
average farm with medium efficiency, a 
$1.00 corn price level and March-April and 
May-June labor hiring 
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proportion of forage, and beef cow production increases 
relative to hog production. The crop rotations containing 
? 
higher proportions of forage crops have relatively low 
March-April, oats and May-June, corn labor input coeffi­
cients. Hence, the crop rotation substitutions result in 
some increase in the farm's acreage, together with small 
increases in livestock production. Note that the rotation 
for cropland A does not change and that cropland B is not 
fertilized. With a $1.00 corn price and a medium level of 
efficiency, it is not profitable to produce more than the 
minimum quantity of forage on cropland A, and it is more 
profitable to rent additional land than to fertilize crop­
land B at a high rate. 
Maximum labor-management income increases $512 or 28 
per cent when the labor hiring activities are considered 
(Tables 47 and 83). The total annual hours of operator-
family labor associated with the maximum income plans also 
increases 256 hours or 12 per cent. Most of the increase in 
maximum income from labor hiring is obtained through a scale 
expansion of the first optimum plan (plans 2 and 3), and not 
"*"The COMgy rotation replaces some of the CCOMM^q 
rotation in plan 4, and the C0MMg0 rotation replaces the 
COMbo rotation and some of the CCOMM^q rotation in plan 5. 
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through a change in organization (plans 4'and 5).-1 A non-
• A. 5 farm hourly wage rate of $1.58 produces.an annual adjusted 
salary equivalent to the maximum labor-management income. 
'Although' the farmer can increase his income by hiring 
seasonal labor, his maximum labor-management income remains 
less than the adjusted annual salary of a semiskilled 
p 
factory worker'. Thus, the farmer can not achieve either 
income goals B or C by hiring seasonal labor. 
Uplarfd farm The three programming solutions for the 
upland farm are presented in Table 83 and Figure 25. The 
effects of the labor hiring activities upon the optimum 
plans for the average and upland farms are similar. Adding 
the labor hiring activities to the programming model has no 
effect upon the first optimum plan. With the exhaustion of 
the stocks of March-April and May-June labor in plan 1, the 
labor hiring activities result in a second optimum plan 
which is a scale expansion of plan 1 with no changes in 
organization. Exhaustion of the May-June, corn labor con­
straint produces a slightly different farm organization in 
the third optimum plan. 
The maximum labor-management income for the upland farm 
^The decline in slope of the income line in Figure 24 
illustrates this point. 
^Point A on the cost axis in Figure 24 indicates the 
farm plan and scale necessary to achieve income goal A on 
the average farm. 
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Figure 25. Minimum cost plans for achieving varying levels 
of income on the Shelby-Grundy-Haig upland farm 
with medium efficiency, a $1.00 corn price level 
and March-April and May-June labor hiring 
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is increased $33Ï or 9 per. cent by hiring March-April and.. 
May-June labor. Most of this income gain, $322 or 97 per 
cent, is achieved through a scale expansion of the first 
optimum plan and not through the change in organization. 
The new maximum labor-management income is equivalent to the 
adjusted annual salary of a nonfarm worker employed at an 
hourly wage rate of $2.31.^ Thus, the farmer can not 
achieve income goal C, the adjusted annual salary of a 
skilled factory worker, by hiring seasonal labor. 
Labor hiring effects compared The organizational 
effects of hiring seasonal labor on the three farms are 
relatively small and quite similar. The first optimum plan 
for each farm is unaffected by the addition of the labor 
hiring activities. The first effect of the labor hiring 
activities is an expansion of the first optimum plan without 
any changes in organization other than labor hiring. The 
expansion of the first optimum plan continues until one or 
both of the crop labor constraints, March-April, oats or 
May-June, corn, becomes limiting. With the exhaustion of 
the crop labor constraints, changes in the farm's organiza­
tion are made in an attempt to economize in the use of the 
limiting crop labor constraints. These changes in 
^Points A and B on the cost axis in Figure 25 indicate 
the farm plans and scale necessary to achieve income goals A 
and B on the upland farm. 
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organization generally result in increases in forage and 
beef production relative to feed grain and hog production. 
The changes in the optimum combination of activities are 
relatively small. Thus, the programming results with labor 
hiring activities.indicate that the organizations of the 
optimum plans are relatively stable as the levels of the 
labor constraints change. 
Hiring seasonal labor results in increases in the maxi­
mum labor-management income ranging from $622 (79 per cent) 
on the hilly farm to $331 (9 per cent) on the upland farm. 
Most of the increase in income is associated with the expan­
sion of the first optimum plan. Relatively little gain in 
income is associated with the small changes in farm organi­
zation which occur in the final plans for each farm. Sub­
stantial increases in the hours of operator-family labor 
used are required to obtain the increases in income. De­
spite the increases in the farm family's work effort and in 
the maximum income, hiring seasonal labor does not help the 
farmer achieve any of the three income goals which were pre­
viously unattainable. 
Labor hiring, high and low efficiency 
The optimum farm plans for high and low levels of effi­
ciency are presented in Tables 84 and 85, respectively. 
Because the effects of hiring seasonal labor are similar for 
Table 84. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
levels of Income for selected soil mixtures, March-April and May-June 
labor hire, high efficiency and $1.00 corn price level 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Hilly 
farm 
1 
$3,068 $13,500 Land renting 
CC0MM1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
650 acres 
196 acres 
79 head 
42 litters 
316 hours 
May-June 
labor 
Cropland 
Peed grain 
Hay 
2,434 
3,205 13,934 Land renting 
CC0MM1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor .hire 
May-June 
labor hire 
670 acres • 
202 acres 
4 
8l head 
43 litters 
325 hours , 
16 hours 
March-April 
labor 
Cropland 
Feed grain 
Hay 
2,492 
3. Income refers to labor-management income with no reduction for income tax. 
Table 84. (Continued) 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
$4,056 $17,140 Land renting 
CCOMM1 
Beef cow, 
' sell calf 
2-litter hogs 
Hay labor hire 
March-April 
l^.bor hire 
May-June 
labor hire 
811 acres 
245 acres 
98 head 
52 litters 
394 hours 
93 hours 
129 hours 
March-April 
labor 
May-June 
labor 
July-August 
labor 
Cropland 
Feed grain 
Hay 
2,8l4 
4 4,202 18,750 Land renting 
CC0MM1 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
March-April 
labor hire 
May-June 
labor hire 
932 acres 
282 acres 
92 head 
60 litters 
368 hours 
137 hours 
168 hours 
March-April 
labor 
May-June 
labor 
May-June, 
corn labor 
July-August 
labor 
Cropland 
Feed grain 
2,881 
Table 84. (Continued) 
Soil ' Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Average $4, 348 $12,877 Land renting 372 acres 
farm CCOMA1 l4l acres 
1 CC0MMG0 65 acres 
Beef cow, 
sell calf 45 head 
2-litter hogs 53 litters 
Hay transfer 27 tons 
Hay labor hire 180 hours 
2 4,619 13,498 Land renting 389 acres 
147 acres 
CCOMMGQ 68 acres 
Beef cow, 
sell calf 47 head 
2-litter hogs 56 litters 
Hay transfer 29 tons 
Hay labor hire 189 hours 
March-April 
labor hire 20 hours 
March-April 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,268 
March-April 
labor. 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,352 
Table 84.. (Continued) 
Soil Total 
mixture variable 
and plan Income cost Activities 
3 $5,236 $15,172 Land renting 
CCOMA1 
CCOMMgQ 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
March-April 
labor hire 
May-June 
labor hire 
4 5,362 15,719 Land renting 
CCOMA1 
CCOMMBO 
COMbo 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
March-April 
labor hire 
May-June ' 
labor hire 
Operator-
Limiting family 
levels resources labor used 
434 acres 
164 acres 
77 acres 
52 head 
62 litters 
32 tons 
210 hours 
73 hours 
59 hours 
448 acres 
169 acres 
22 acres 
57 acres 
53 head 
64 litters 
29 tons 
213 hours 
96 hours 
68 hours 
March-April 2,509 
labor . .. 
May-June 
labor 
May-June, 
corn labor 
Cropland . 
Feed grain 
Hay 
Pasture 
March-April 2,545 
labor 
March-April,. 
oats labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
Table 84. (Continued) 
Soil Total 
mixture variable 
and plan Income cost Activities 
5 $5j 493 $16,530 Land renting 
CCOMA1 
CCOMMgg. 
COMMgo 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
March-April 
labor hire 
May-June 
labor hire 
6 . 5,595 17,339 Land renting 
CCOMA1 
CCOMMB1 
COMMB1 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
March-April 
labor hire 
May-June 
, labor hire 
levels 
Limiting 
resources 
Operator-
family 
labor used 
477 acres 
l80 acres 
8 acres 
76 acres 
59 head 
66 litters 
4o tons 
237 hours 
113 hours 
90 hours 
477 acres 
180 acres 
8 acres 
76 acres 
62 head 
68 litters 
50 tons 5
 
OJ 
hours 
134 hours 
March-April 2,626 
labor 
March-April, 
oats labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 2,692 
labor 
March-April, 
oats labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
115 hours 
Table 84. (Continued) 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Upland 
farm 
1 
$6,206 $12,010 
6', 522 12,592 
6,6l4 13,311 
Land renting 
CCSb 
2-litter hogs 
229 acres 
162 acres 
60 litters 
Land renting 239 acres 
CCSb. 169 acres 
2-litter hogs 63 litters 
March-April 
labor hire 20 hours 
May-June 
labor hire 19 hours 
Land renting 250 acres 
CCSb. 158 acres 
CC0MM1 18 acres 
Beef cow, 
sell calf ? head 2-litter hogs 64 litters 
Hay labor hire 36 hours 
March-April 
36 labor hire hours 
May-June 
4l labor hire hours 
March-April 1,951 
labor 
Cropland 
Feed grain 
March-April 1,998 
labor 
May-June: 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
March-April 2,099 
labor 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
Hay 
Pasture 
Table 85. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
levels of income for selected soil mixtures, March-April and May-June 
labor hire, low efficiency and $1.00 corn price level 
Soil 
mixture 
and plan Income' a 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
Hilly 
farm 
1 
$-1,399 $10,691 Land renting 
CCOMM^ 
CCOMMQ 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
711 acres 
130 acres 
85 acres 
67 head 
37 litters 
268 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,182 
3 
o 
Average 
farm 
1 
-642 10,311 Land renting 
CCOMA1 
CCOMMBO 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
391 acres 
148 acres 
69 acres 
33 head 
50 litters 
36 tons 
131 hours 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,058 
aIncome refers to labor-management income with no reduction for income tax. 
Table 85. ( Continued )-' 
Soil 
mixture 
and plan Incomec 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
$ -565 $11,378 Land renting 
CCOMA1 
CCOMMBO 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
May-June 
labor hire 
429. acres 
162 acres 
76 acres 
36 head 
55 litters 
40 tons 
144 hours 
50 hours 
March-April 
labor 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
2,207 
-563 11,505 Land renting 434 acres March-April 
CCOMA1 
CCOMMBO 
164 acres labor 
77 acres 
May-June 
labor 
Beef cow, 
36 
May-June, 
sell calf head corn labor 
2-litter hogs 56 litters Cropland 
Hay transfer 40 tons Feed grain 
Hay labor hire 146 hours Hay 
March-April Pasture 
labor hire 4 hours 
May-June 
56 labor hire hours 
2,219 
I I 
Table 85. (Continued) 
Soil 
mixture 
and plan Income 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used-
Upland 
farm 
1 
$ 869 $8,844 Land renting 
CCSb1 
2-litter hogs 
215 acres 
151 acres 
50 litters 
May-June 
labor 
Cropland 
Feed grain 
1,701 
1,136 9,951 Land renting 
CCSb1 
2-litter hogs 
May-June 
labor hire 
239 acres 
169 acres 
56 litters 
60 hours 
May-June 
labor 
May-June, 
corn labor 
Cropland 
Feed grain 
1,837 
ro 
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the three efficiency levels, the plans for the high and 
low levels of efficiency will not be discussed in detail. 
Hiring seasonal labor generally, leads to a.scale expansion 
of the first plan for each efficiency level. The small 
changes in organization discussed previously occur only with 
a high level of efficiency. The programming results for 
both the high and low levels of efficiency indicate that the 
optimum farm organizations are relatively stable as the 
labor constraints change. 
Hiring seasonal labor necessitates sizeable increases 
in the hours of operator-family labor used for each effi­
ciency level, but it also results in increases in the maxi­
mum labor-management income. The size of the increase in 
income is directly related to the level of efficiency. 
Two crop labor constraints, medium efficiency 
The programming results with labor hiring indicate that 
the largest gains in income are associated with an expansion 
of the first plan rather than with a change in organization. 
The first optimum plan for each farm produces additional 
income for the least additional variable cost, and either 
the March-April or the May-June labor constraint generally 
limits this first optimum plan. The farmer and his family 
can expand their labor constraints for these peak load labor 
periods by working longer hours rather than hiring labor. 
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In this part the first plan for each farm is expanded 
linearly until either the March-April, oats or the May-June, 
corn labor constraint becomes limiting. These plans indi­
cate the effects of increases in the operator-family work 
load, and they are compared with the plans obtained with 
labor hiring. The effects of the expanded operator-family 
work load upon labor-management income and upon seasonal and 
annual operator-family labor requirements are also con-
\ 
sidered. The expanded plans for the three Shelby-Grundy-
Haig farms with medium efficiency and a $1.00 corn price 
level are presented in Table 86. 
Hilly farm Since hiring seasonal labor initially 
causes a scale expansion in the first plan, the plans with a 
heavier work load are similar to some of the plans with 
labor hiring (Tables 83 and 86). Thus, plan 2 with labor 
hiring and the plan with a heavier farm family work load 
have the same organization except for labor hiring. To 
attain the latter plan the quantity of farm family labor 
actually used must increase 885 hours or 38 per cent. The 
total annual quantity of operator-family labor used, 3,226 
hours, is 10 per cent greater than the quantity assumed 
available, 2,925 hours. For the monthly periods, the hours 
of labor used exceed the hours of labor assumed available 
only during the March-April (l6l hours) and May-June (156 
hours) periods. This extra labor must be furnished by the 
Table 86. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
levels of income for selected soil mixtures, two crop labor constraints, 
medium, efficiency and a $1.00 corn price level 
Soil 
mixture Income' 
Total 
variable 
cost 
Hours 
Activities and levels 
Hours avail­
Period used able 
Dec.-Jan.-Feb. 573 624 
March-April 603 442 
March-April, oats 77 90 
May-June 716 520 
May-June, corn 107 107 
July-August 671 676 
Sept.-Oct.-Nov. 663 663 
Total 3226 2925 
Dec.-Jan.-Feb. 419 624 
March-April 517 442 
March-April, oats 
. 77 90 
May-June 572 520 
May-June, corn 107 . 107 
July-August 425 • 676 
Sept.-Oct.-Nov. 558 663 
Total 2491 2925 
Hilly $1,901 $16,742 
Average 2,44l 12,856 
Land renting 932 acres 
CCOMM^ 282 acres 
Beef cow, 
sell calf 99 head 
2-litter hogs 57 litters 
Hay labor hire 396 hours 
Land renting 434 acres 
CC0MA1 164 acres 
CCOMMgQ 77 acres 
Beef cow, 
sell calf 46 head 
2-litter hogs 59 litters 
Hay transfer 44 tons 
Hay labor hire 186 hours 
aIncome refers to labor-management income with-no reduction for income tax. 
Table 86. (Continued) 
Soil 
mixture Incomec 
Total 
variable 
cost Activities and levels 
Operator-family labor Hours 
Hours avail-
Period used able 
Upland $3,919 $10,788 Land renting 
CCSb1 
2-litter hogs 60 
acres Dec.-Jan.-Feb. 263 624 
acres March-April 474 442 
litters March-April, oats 0 90 May-June 550 520 
May-June, corn 107 107 
July-August 205 .676 
Sept.-Oct.-Nov. 479 663 
Total 1971 2925 
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• operator because, the assumption regarding the quantity of 
family labor available, can not reasonably be changed. To 
provide the needed additional labor the operator would have 
to work 61.7 and 68.5 hours per week during the March-April 
and May-June periods, respectively. These new work loads 
are 43 and 48 per cent larger, respectively, than originally 
assumed. 
It may be possible to attain the heavy work load plan 
for the hilly farm since a similar plan is obtained with 
hired seasonal labor. However, the plan may not be practi­
cal because the work load assumed for the operator may-be 
too great. The operator's work load is considerably greater 
during both the March-April and the May-June periods than 
originally assumed. In addition, most of the hours of 
operator-family labor assumed available during the July-
August and September-October-November periods are used. The 
input coefficients for the programming model are assumed to 
remain unchanged as the operator's work load increases, and 
all the farming operations are assumed to be free from un-
timeliness losses. Neither of these assumptions may be 
applicable when the operator's work load exceeds the work 
load originally assumed. 
If the heavy work load plan for the hilly farm is 
feasible, the farmer can increase his maximum labor-
management income by $1,110 or 40 per cent. As shown 
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earlier the farmer can increase his maximum income .$622 by 
hiring seasonal labor (Table 83). Thus, the operator and 
his family can increase their income by an additional $448 
if they are willing and able to substitute their labor for • 
hired labor. With a maximum labor-management income of 
$1,901 the farm family can achieve only income goal A, the 
adjusted annual salary of an unskilled factory worker. Note 
that the farm family's annual work load, 3,226 hours, ex­
ceeds the annual work load assumed for a nonfarm worker, 
2,080 hours, by 1,146 hours. 
Average farm The expansion of the plan for the 
average farm is considerably smaller than for the hilly 
farm, both in terms of acres and operator-family labor used. 
Thus, the total quantity of operator-family labor used 
annually, 2,491 hours, is less than the quantity assumed 
available, 2,925 hours." To achieve the expanded plan the 
farm family must increase its work load by 279 hours or 13 
per cent, thereby causing labor use to exceed labor avail­
ability during both the March-April and May-June periods. 
The operator would have to increase his work week to 51.8 
and 52.0 hours during the March-April and May-June periods, 
respectively, to provide all the additional labor. These 
new work weeks represent increases of 20 and 13 per cent, 
respectively, in the operator's work load for the two 
periods. 
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The plan for the average farm seems feasible since it 
is similar to plan 3 with labor hiring (Table 83) and since 
only moderate increases in annual and seasonal farm family 
labor inputs are necessary. The farm expansion and the in­
creased farm family work effort produce a $636 or 26 per 
cent increase in maximum labor-management income. However, 
the increase in maximum income is not large enough to allow 
the farm family to achieve income goal B, the adjusted 
annual salary of a semiskilled factory worker. The maximum 
income for the expanded plan is only $124 larger than the 
maximum income for the plans with labor hiring and the 
operator-family labor inputs for the two plans, 2,491 versus 
2,468 hours, are nearly equal. 
Upland farm The expansion in the plan for the 
upland farm is rather small because the stock of May-June, 
corn labor is nearly exhausted in the initial plan. The 
total annual quantity of operator-family labor used in­
creases only 133 hours or 7 per cent, but the hours of labor 
used during the March-April and May-June periods exceed the 
hours of labor assumed available. To provide this addi­
tional labor, the operator must work 46.9 hours per week 
during the March-April period and 49.4 hours per week during 
the May-June period, increases in the weekly work load of 9 
and 7 per cent, respectively. 
The expanded plan seems feasible since it is similar to 
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plan 2 with labor hiring (Table 83) and since the increases 
in operator-family labor requirements are quite modest. 
Expansion of the initial plan produces a $408 or 12 per cent 
increase in maximum labor-management income. However,., the 
farm family is still unable to achieve income goal C, the 
adjusted annual salary of a skilled factory worker. 
The hea^y work load plans for the three Shelby-Grundy-
Haig farms may not be operational. Given the farm family's 
work-leisure preferences, the increased work load may be too 
great. The operator's efficiency may be affected, both in 
the short and long run, by the increased work load. Finally, 
some of the operations which must be performed during the 
longer work weeks may be subject to untimeliness losses 
which have not been considered. 
The increases in total annual operator-family labor 
inputs and in the operator's monthly labor inputs are not 
unreasonably large for the average and upland farm. Hence, 
the heavy work load plans for these two farms may be con­
sidered as reasonable alternatives to the plans with hired 
labor. The increases in total annual and peak period labor 
requirements for the hilly farm are quite large, and it 
seems unlikely that many farm families could provide all the 
labor inputs necessary for the heavy work load plan. As an 
alternative the farm family may consider some combination of 
increased family labor and hired labor to obtain the 
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required additional labor inputs. 
The heavy work load plans for the three Shelby-Grundy-
Haig farms produce increases in the maximum labor-management 
incomes ranging from 12 to 40 per cent. However, these 
heavy work load plans do hot permit the farm family to 
achieve any of the three income goals which could not be 
achieved, previously, except on the hilly farm where the plan 
seems unreasonable. 
Two crop labor constraints, high and low efficiency 
Heavy work load plans for the three Shelby-Grundy-Haig 
farms with high and low levels of efficiency are presented 
in Tables 87 and 88, respectively. Since the effects of 
expanding the plans are quite similar for the three effi­
ciency levels, the plans for the high and low efficiency 
levels are not discussed in detail. 
In general, the organization of the heavy work load 
plan for each farm is similar to the organization of one of 
the optimum plans obtained with labor hiring. The plans for 
the average and upland farm seem feasible. Increases in the 
operator's work load which range from 1 to 19 per cent are 
necessary during the March-April and May-June periods. The 
plans for the hilly farm require large increases in the 
total annual quantity of labor and/or in certain monthly 
labor loads. Hence, these plans seem less realistic. 
Table 87.  Shelby-Grundy-Haig soil area: minimum cost plans for achieving varying 
levels of income for selected soil mixtures, two crop labor constraints', 
high efficiency and a $1.00 corn price level 
Soil 
mixture Income6 
Total 
variable 
cost Activities and levels 
Operatop-family labor Hours 
Hours avail-
Period used able. 
Hilly $5,324 $19,356 
Average 5,413 14,994 
Land buy 932 acres 
CCOMM-^ 282 acres 
Beef cow, 
sell calf 113 head 
2-litter hogs 60 litters 
Hay labor hire 453 hours 
Land buy 434 acres 
CCOMA1 164 acres 
CCOMMBO 77 acres 
Beef cow, 
sell calf 52 head . 
2-litter hogs 62 litters 
Hay transfer 32 tons 
Hay labor hire 210 hours 
Dec.-Jan.-Feb. 674 624 
March-April 615 442 
March-April, oats 77 90 
May-June 746 520 
May-June, corn 107 107 
July-August 777 676 
Sept.-Oct.-Nov. 678 663 
Total 3490 2925 
Dec•—Jan.—Feb. 497 624 
March-April 515 442 
March-April, oats' 77 90 
May-June 579 520 
May-June, corn 107 107 
July-August 493 676 
Sept.-Oct.-Nov. 557 663 
Total 2641 2925 
aIncome refers to labor-management income with no reduction for income tax. 
Table 87. (Continued) 
Total Operator-family labor Hours 
Soil variable ' Hours avail-
mixture Income cost Activities and levels Period used able 
Upland $6,573 $12,537 Land buy 
CCSb1 
2-litter hogs 
239 acres Dec.-Jan.-Feb. 
169 acres March-April 
63 litters °at* 
May-June, corn 
July-August 
Sept.-Oct.-Nov. 
Total 
323 624 
461 442 
0 90 
540 520 
107 107 
246 676 
466 663 
2036 2925 
Table 88. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
.levels of income for selected soil mixtures, two crop labor constraints, 
low efficiency and a $1.00 corn price level 
Total Operator-family labor Hours 
Soil variable Hours avail-
mixture Income cost Activities and levels- Period used able 
Hilly $-1,170 $14,018 Land renting 
CGOMM-L 
CCOMMQ 
Beef cow, 
sell calf 
2-litter hogs 
Hay labor hire 
932 acres 
171 acres 
111 acres 
87 head 
48 litters 
352 hours 
Dec.-Jan.-Feb. 492 624 
March-April 504 . 442 
March-April, oats 77 90 
May-June 682 520 
May-June, corn 107 107 
July-August 589 676 
Sept.-Oct.-Nov. 594 663 
Total - 2861 2925 
Average -48l 11,423 Land renting 434 acres Dec.-Jan.-Feb. 364 624 
CCOMA1 
CCOMMBO 
164 acres March-April 446 442 
77 acres 
March-April, oats 
May-June 
77 
552 
. 90 
520 
Beef cow, May-June, corn 107 107 
sell calf 36 head July-August 364 676 
2-litter hogs 56 litters Sept.-Oct.-Nov. 529 663 
Hay transfer 40 tons Total "2225 2925 
Hay labor hire 145 hours 
aIncome refers to labor-management income with no reduction for incqme tax. 
Table 88. (Continued) 
Total Operator-family labor Hours 
Soil variable Hours avail-
mixture Income cost Activities and levels Period used able 
Upland >1,218 $9,869 Land renting 
CCSb1 
2-litter hogs 
239 acres 
169 acres 
Dec.-Jan.-Feb. 238 624 
March-April 419 442 
March-April, oats 0 90 
May-June 580 520 
May-June, corn 107 107 
July-August 192 676 
Sept.-Oct.-Nov. 469 663 
Total 1898 2925 
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The increases in maximum lab or-manâgement income pro­
duced by the heavy work load plans depend directly upon the 
level of efficiency assumed. Large increases in income are 
associated with a high efficiency level, and small increases 
in income are associated with a low efficiency level. In­
come goal C, the adjusted annual salary of a skilled factory 
worker, can be achieved on each farm with a high efficiency 
level. With a low level of efficiency, none of the income 
goals can be achieved on any of the farms. 
Two crop labor constraints, Shelby-Seymour-Edina farms 
Limited research resources prohibited consideration of 
the effects of labor hiring activities upon the programming 
results for the Shelby-Seymour-Edina farms. However, it is 
relatively inexpensive to consider the effects of linearly 
expanding the first optimum plan for each of the Shelby-
Seymour-Edina farms until one or both of the crop labor con­
straints becomes limiting. The plans obtained for the 
Shelby-Grundy-Haig farms by hiring seasonal labor and by 
expanding the first optimum plan are quite similar. Thus, 
the expanded or heavy work load plans for the Shelby-
Seymour-Edina farms may provide some insights into the 
effects of labor hiring activities. The heavy work load 
plans for the Shelby-Seymour-Edina farms with a medium level 
of efficiency and a $1.00 corn price level are presented in 
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Table 89 and are discussed below. 
Hilly farm Since most of the stock of May-June, 
corn labor was used in plan 1, the expansion of the plan is 
quite modest. The total quantity of operator-family labor 
used increases about 10 per cent,-but the quantity of 
operator-family labor used exceeds the quantity assumed 
available only during the Marc-h-April and May-June periods. 
To provide the additional labor the operator must increase 
his weekly work load to 4-7.7 and 52.3 hours per week for 
these two monthly periods, increases of only 10 and 13 per 
cent, respectively. Thus, the expanded plan for the hilly 
farm seems feasible. The heavy work load plan produces a 16 
per cent increase in the maximum labor-management income, 
but the farm family is still unable to=achieve income goal 
B, the adjusted annual salary of a semiskilled factory 
worker. ' 
Average farm Only a small expansion of the first 
optimum plan is possible on the average farm because the 
stock of May-June corn labor was nearly exhausted in plan 1. 
The total quantity of operator-family labor used increases 
only 29 hours or less than 2 per cent. The hours of labor 
used are slightly greater than the hours of labor available 
during the March-April and May-June periods. To provide 
this additional labor the operator must work about one added 
hour each week during the two periods. Thus, the expanded 
Table 89. Shelby-Seymour-Edina soil area : minimum cost plans for achieving 
varying levels of income for selected soil mixtures, two crop labor 
constraints, medium efficiency and a $1.00 corn price level 
Total Operator-family labor Hours 
Soil a variable Hours avail-
mixture Income cost Activities and levels Period used able 
Hilly $2,736 $11,296 
Average 2,139 10,656 
Land renting 
CCSbAl 
CCOMMgg 
Beef cow, 
sell calf 
2-litter hogs 
760 acres 
70 acres 
165 acres 
50 head 
48 litters 
Hay labor hire 199 hours 
Land 
CCSb., 
renting 418 
169 
acres 
acres 
2-litter hogs 53 litters 
Dec.-Jan.-Feb. 375 624 
March-April 481 442 
March-A^ril, oats 45 90 
May-June 575 520 
May-June, corn 107 107 
July-August 408 676 
Sept.-Oct.-Nov. 508 663 
Total 2347 2925 
Dec.-Jani-Feb. 233 624 
March-April 444 442 
March-April, oats 0 90 
May-June 528 520 
May-June, corn 107 107 
July-August 186 676 
Sept.-Oct.-Nov. 446 663 
Total 1837 2925 
aIncome refers to labor-management income with no reduction for in dome tax. 
Table 89. (Continued) 
Soil 
mixture Income0 
Total 
variable 
cost Activities and levels 
Operator-family labor Hours 
'Hours avail-
Period used able 
Upland $3,001 $10,645 Land renting 242 acres Dec.-Jan.-Feb. 260 624 
CCSbA1 
CCOMgo 
155 acres March-April 459 442 
19 acres March-April, oats May-June 
6 
538 
90 
520. 
Beef cow, May-June, corn 107 107 
sell calf 5 head July-August 216 676 
2-litter hogs 55 litters Sept.-Oct.-Nov. 465 663 
Hay labor hire 20 hours Total 1938 2925 (JO 00 
KO 
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plan for the average farm also seems feasible. " Since the 
* 
expansion of plan 1 is small, the increase in labor-
management income, $68, is also small. Hence, the farm 
family can not achieve either income goals B or C on the 
average farm. 
Upland farm The heavy use of May-June corn labor in 
plan 1 for the upland farm prohibits a large expansion of 
that plan. The total quantity of operator-family labor used 
in the expanded plan increases only 70 hours or 4 per cent. 
Slight increases, 5„ and 4 per cent, respectively, in the 
operator's weekly work loads are necessary to provide the 
additional labor required during the March-April arid May-
June periods.3" Since the increases in the operator-family 
labor inputs are rather small, the expanded plan for the 
upland farm seems practical. The heavy work load plan pro­
duces a slight increase in the maximum labor-management in­
come, $177 or 6 per cent. Income goal B can be achieved but 
the farm family can not achieve income goal C, the adjusted 
annual salary of a skilled factory worker. 
The heavy work load plans for all three Shelby-Seymour-
Edina farms seem feasible because only slight increases in 
labor use are required; however, the corresponding increases 
"*"The operator would have to work 45.2 and 48.0 hours 
per week during the March-April and May-June periods, re­
spectively. 
391 
in maximum labor-management income are also small. Because 
the optimum plans with labor hiring activities can include 
organizational changes as well as. an expansion of the first 
plan, they may differ somewhat from the plans discussed 
above. If the effects of labor hiring are similar for the 
farms in the two soil areas, then the heavy work load plans 
for the Shelby-Seymour-Edina farms provide some information 
about the initial effects and perhaps primary effects of 
labor hiring. Only the heavy work load plans for the medium 
efficiency level are considered here since the effects of 
expanding the plans for the other efficiency levels are 
quite similar. 
The Effect of Feed Grain Buying 
Two important assumptions regarding the purchase and 
sale of grain and forage are made in the basic linear pro­
gramming models. First, the farmer can sell grain, but he 
can not sell forage. Second, the farmer can not purchase 
any grain or forage. These assumptions make the livestock 
activities dependent upon the crop activities for feed grain 
and hay and upon the land renting activity for permanent 
pasture. Thus, the livestock activities can expand only as 
the crop and land renting activities expand. 
In this section the assumption that feed grains can not 
be purchased is replaced by the assumption that the farmer 
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can purchase unlimited quantities of feed grain at a con­
stant price. Hence, a corn buying activity which allows the. 
farmer to buy unlimited quantities of corn at $1.05 per ;-
bushel is added to the basic programming model. The assump­
tions regarding forage purchases and sales are not changed. 
Optimum plans with feed grain buying are derived for only 
the three Shelby-Grundy-Haig farms with a high efficiency 
level and a $1.00 corn price level. The effects of feed 
grain buying upon the farm's organization, size, and income 
should be similar for the Shelby-Seymour-Edina farms and for 
low and medium levels of efficiency. 
Hilly farm 
The optimum plans for the hilly farm with feed grain 
buying are presented in Table 90 and Figure 26. Feed grain 
buying causes a large change in the optimum organization and 
size of the hilly farm. The first optimum plan with feed 
grain buying is an intensive farm plan consisting of 39 
acres of land renting, an unfertilized crop rotation, a 112 
litter hog enterprise and 11,749 bushels of purchased corn. 
Plan 1 without feed grain buying is an extensive land using 
farm plan, consisting of 650 acres of land renting, a 
heavily fertilized crop rotation, a beef cow herd of 79 head 
and a 42 litter hog enterprise (Table 57). Thus, feed grain 
buying causes a substitution of corn buying and hog 
Table 90. Shelby-Grundy-Haig soil area : minimum cost plans for achieving varying 
levels of income for selected soil mixtures, high efficiency, feed 
grain buying, and a $1.00 corn price level 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Hilly • $7,088 $23,544 Land renting 39 acres 
farm CCOMMq 12 acres 
1 2-litter hogs 112 litters 
Hay transfer 7 tons 
Corn buying 11,749 bushels 
2 8,042 31,951 Land renting 98 acres 
CC0MM0 30 acres 
1-litter hogs 130 litters 
2-litter hogs 14 litters 
Hay transfer 18 tons 
Corn buying 15,859 bushels 
3 8,049 32,574 Land renting 93 acres 
C0MMq 28 acres 
1-litter hogs 136 litters 
2-litter hogs 10 litters 
Hay transfer 22 tons 
Corn buying 16,275 bushels 
March-April 2,212 
labor 
Cropland 
Peed grain 
Hay 
Pasture 
March-April 2,674 
labor 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 2,686 
labor 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
aIncome refers to labor-management income with no reduction for income tax. 
Table 90. (Continued) 
Soil Total Operator-
mixture variable Limiting family 
and plan Income cost Activities and levels resources labor used 
Average 
farm 
1 
$4,348 $12,877 Land renting 
CCOMA1 
CCOMMgg 
Beef cow, 
sell calf 
2-litter hogs 
Hay transfer 
Hay labor hire 
7,034 23,243 Land renting 
CCOMMA1 
CCOMMBO 
2-litter hogs 
Hay transfer 
Corn buying 
Land renting 
CCOMMA1 
COMMgo 
1-litter hogs 
2-litter hogs 
Hay transfer 
Corn buying 
7,867 31,127 
372 acres 
l4l acres 
65 acres 
45 head 
53 litters 
27 tons 
l80 hours 
33 acres 
12 acres 
6 acres 
110 litters 
14 tons 
11,389 bushels 
80 acres 
30 acres 
14 acres 
127 litters 
13 litters 
36 tons 
l4,9§3 bushels 
March-April 2,268 
labor 
Cropland 
Feed grain 
Hay 
Pasture 
March-April 2,206 
labor ' 
Cropland 
Feed grain 
Hay 
Pasture 
March-Apri1 2,644 
labor 
May-June 
labor . 
Cropland 
Feed grain 
Hay 
Pasture 
Table 90. (Continued) 
Soil 
mixture 
and plan Income 
Total 
variable 
cost Activities and levels 
Limiting 
resources 
Operator-
family 
labor used 
Upland 
farm 
1 
$6,206 $12,010 Land renting 
CCSb1 
2-litter hogs 
229 acres 
162 acres 
60 litters 
March-April 
labor 
Cropland 
Feed grain 
1,951 
6,901 18,134 Land renting 
CCSb1 
1-litter hogs 
2-litter hogs 
Corn buying 
164 acres 
ll6 acres 
122 litters 
46 litters 
4,894 bushels 
March-April 
labor 
May-June 
labor 
Cropland 
Feed grain 
Pasture 
2,176 
7,711 30,402 Land renting 
CCOMM^ 
1-litter hogs 
2-litter hogs 
Hay transfer 
Corn buying 
72 acres 
51 acres 
122 litters 
16 litters 
51 tons 
14,122 bushels 
March-April 
labor 
May-June 
labor 
Cropland 
Feed grain 
Hay 
Pa sture 
. 2 ,622  
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Figure 26. Minimum cost plans for achieving varying levels 
of income on the Shelby-Grundy-Haig hilly farm 
with high efficiency, a $1.00 corn price level 
and feed grain buying 
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production for land renting, crop production1, fertilization 
and beef production. 
The organization of plan,1 with feed grain buying re­
sembles a, feed lot type hog operation. The two systems of 
hog production considered in the programming model are both 
pasture systems. Thus,"pasture production is necessary to 
meet the pasture requirements of the hog activities, and a 
confinement hog system can not be included in plan 1. Note 
that land renting in plan 1 could be reduced slightly by 
• substitution of the COMM activity (50 per cent forage) for 
the CCOMM activity (40 per cent forage). Since the COMM 
activity is not included in plan 1, it is apparently not 
profitable to produce the minimum amount of feed grain. 
Feed grain buying causes large increases in total 
annual sales (79 per cent), labor-management income (131 per 
cent), total variable cost (74 per cent), total annual cash 
expense (163 per cent) and decreases in total capital in­
vestment (290 per cent) and operator-family labor (9 per 
cent). The organizational change associated with feed grain 
buying produces a sharp change in the type of capital used 
on the farm. Total capital investment is relatively large, 
and total annual cash expense is relatively small when grain 
buying is not considered in the programming model (Table 58). 
Total capital investment is relatively small, and total 
annual cash expense is relatively large in plan 1 with feed 
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grain buying.(Table 91). 
Feed grain buying increases the labor-management income 
for plan 1, but the marginal cost of obtaining income is 
1 
reduced only slightly; To obtain one dollar of additional 
labor-management income in plan 1 without feed .grain buying 
requires an increase in total variable cost of $2.60. The 
marginal cost of one dollar of income in plan 1 with feed 
grain buying is $2.55. The first plan for each situation 
is the most efficient plan or the plan with the lowest 
marginal cost of obtaining income. Thus, an intensive hog 
production plan is selected as the first optimum plan when 
feed grain buying is considered. Slight changes in corn 
buying costs or in the hog activity coefficients could make 
the intensive hog production plan less efficient than plan 
1, in which there is no grain buying., since the marginal 
cost of obtaining income is very similar for the two plans. 
Under such circumstances feed grain buying would not have 
any effect upon the first optimum plan for the hilly farm. 
Only a slight change in farm organization occurs be­
tween plans 1 and 2. Since the 1-litter hog activity 
The marginal cost of obtaining labor-management income 
for a given plan is defined here as the change in total 
variable cost for that plan divided by the change in labor-
management income for that plan. Thus, the inverse of the 
slope of the income line in Figure 26 represents the margi­
nal cost of obtaining income. 
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Table 91. Total•capital investment, total annual cash 
expense, "and total annual sales for the optimum 
farm plans on selected Shelby r-Grundy-Haig soil 
mixtures with a $1.00 corn price level, a high• 
efficiency level and feed grain buying 
Soil mixture Total capital Total annual Total annual 
and plan investment^ cash expense" sales 
Hilly 
1 $19,239 $21,370 $32,207 
2 28,879 28,545 41,274 
3 28,736 29,128 41,844 
Average 
1 71,880 7,867 18,629 
2 20,750 20,992 31,623 
3 32,185 27,566 40,127 
Upland 
1 65,909 7,609 18,130 
2 53,626 13,852 25,317 
3 37,613 25,845 39,558 
Total capital investment consists of land value plus 
the average value of machinery, breeding livestock, live­
stock equipment, livestock buildings and crop buildings. 
bTotal annual cash expense consists of 1. total annual 
cash expenses for livestock, 2. crop production, seed, 
fertilizer, shelling and crop building repair costs and 
3. corn buying cost. 
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produces more net return per hour of limiting March-April 
labor, it is substituted for the 2-litter hog activity. 
The substitution of hog activities results in an expansion 
in the hog enterprise (32 litters) and in the land renting 
(59 acres), crop rotation (l8 acres) and corn buying (4,110 
bushels) activities. The stocks of both March-April and 
May-June labor are exhausted in plan 2. In addition, 97, and 
98 per cent of the stock of December-January-February and 
September-October-November labor have been used. The orga­
nisational change and expansion in plan 2 produce a 14 per 
cent increase in labor-management income, but total operator-
family labor inputs also increase 21 per cent. 
To obtain a third plan for the hilly farm some method 
of producing more forage per hour of March-April and May-
June labor and per acre of cropland must be found. Thus, 
the COMM rotation is substituted for the CCOMM rotation 
since it produces more forage per hour of limiting labor re­
source and per acre of cropland. The rotation substitution 
results in a slight reduction in land renting (5 acres), a 
continued substitution of the 1-litter hog activity for the 
2-litter hog activity and slight increases in hog production 
(2 litters) and corn buying (4l6 bushels). The same re­
sources limit plans 2 and 3. Changing from plan 2 to plan 3 
results in only a seven dollar increase in income. 
Feed grain buying causes large increases in the 
4oi 
labor-management incomes on the hilly farm'. Hourly wage •' 
rates of $3.87, $4.33 and $4.33 produce adjusted annual 
nonfarm salaries which are equivalent to the labor-
management incomes for plans 1, 2 and g. Thus, the farm 
family can achieve all three income goals, A, B and C. The . 
optimum plan for each income goal can be obtained by re­
ducing the scale of plan 1. Hence, the optimum plans for 
income goals A, B and C are 43, 56 and 74 per cent as large, 
respectively, as plan 1. The points labeled A, B and C on 
the cost axis of Figure 26 represent the optimum plans for 
income goals A, B and C. 
Average farm 
Feed grain buying has no effect upon the first optimum 
plan for the average farm because plan 1 with feed grain 
buying is identical to plan 1 without feed grain buying 
(Table 59). However, feed grain buying causes a sharp 
change in the second optimum plan for the average farm since 
plan 2 resembles a feed lot hog operation rather than the 
extensive or land using organization of plan 1. To obtain 
plan 2, the 2-litter hog, CCOMM^ and corn buying activities 
are substituted for the land renting, CCOMA1, beef cow and 
hay labor hiring activities. Plans 1 and 2 are limited by 
the same resources. Although a rotation containing a high 
proportion of forage crops is selected for cropland A in 
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plan 2, the rotation containing the highest proportion of 
forage crops, COMM, is not selected. Apparently it is un­
profitable to produce the minimum amount of feed grain on 
the more productive cropland. 
. The 2-litter hog activity is relatively efficient at 
producing labor with a limited quantity of labor. Thus, 
total operator-family labor declines slightly in plan 2, 
while labor-management income increases $2,686 or 62 per 
cent. The increase in total variable cost (80 per cent) 
between plans 1 and 2 is greater than the increase in in­
come. Consequently, the marginal cost of obtaining income 
is considerably larger in plan 2 than in plan 1, $3.86 
"| 
versus $1.99. The difference in marginal cost between 
these two plans causes plan 1 to remain an extensive, land 
* 
using plan even though feed grain buying is an alternative. 
Note that the shift in organization from plan 1 to plan 2 
causes a startling change in the capital structure of the 
farm, i.e., a decl'ine in total capital investment and an 
increase in total annual cash expense. 
The primary organizational change from plan 2 to plan 3 
is a substitution of the 1-litter hog and the C0MMBQ rota­
tion activities for the 2-litter hog and the CCOMMQQ 
^The decline in the slope of the income line in Figure 
27 indicates this increase in the marginal cost of obtaining 
income. 
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Minimum cost plans for achieving varying levels 
of income on the Shelby-Grundy-Haig average farm 
with high efficiency, a $1.00 corn price level 
and feed grain buying 
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rotation activities. Sufficient March-April labor is re­
leased through this substitution to support an increase in 
land renting, corn buying and hog production. Exhaustion of 
the stock of May-June labor limits further expansion of the 
maximum income pian. Total.annual operator-family labor 
inputs increase 20 per cent "in plan 3, and only 5 and 3 per 
cent of the stocks of December-January-February and 
September-October-November labor, respectively, remain* un­
used. Shifting from plan 2 to plan 3 increases income by 
12 per cent and total variable cost by 34 per cent. Thus, 
the marginal cost of obtaining income increases to $9.46. 
; 
An hourly wage rate of $2.55, $3.03 and $3.84 produces 
adjusted annual nonfarm salaries equivalent to the labor-
management incomes far plans 1, 2 and 3, respectively. 
Thus, feed grain buying increases the maximum labor-
management income, and the farm family can achieve income 
goals A, B and C on the average farm.1 The optimum plans 
for income goals A and B can be obtained by reducing the 
scale of plan 1 by 38.5 and 21 per cent, respectively. The 
optimum plan for income goal C is a combination of plans 1 
and 2. It consists of the following activities: land 
renting (333 acres), CC0MA1 (125 acres), CC0MMA1 (1.4 acres), 
^The points labeled A, B and C on the cost axis in 
Figure 27 represent the optimum plans for income goals A, 
B and C. 
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CCOMMgQ (58 acres), 2-litter hogs (60 litters), hay transfer 
(25.5 tons) and corn buying (l,320 bushels). 
Upland farm 
The three optimum plans obtained for the upland farm 
are presented in Table 90 and Figure 28; Feed grain buying 
'has no effect upon the first optimum plan because plan 1 was 
also obtained when feed grain buying was not considered 
(Table 60). Thus, the extensive or land using farm plan is 
the most efficient plan for obtaining income on both the 
average and upland farms. The marginal cost of one dollar 
of income on the upland farm is considerably lower in plan 
1 ($1.44) than in plan 2 ($8.8l) and plan 3 ($15.15).1 
Feed grain buying causes some changes in the organiza­
tion of both plans 2 and 3. In plan 2 the 1-litter hog and 
corn buying activities are substituted for the land renting, 
crop rotation and 2-litter hog activities. This change in 
organization produces an 11 per cent increase in income and 
a 12 per cent increase in quantity of operator-family labor 
used. In plan 3 the CCOMM^ rotation is substituted for the 
CCSb^ rotation. This rotation change provides more forage 
and is accompanied by a reduction in the land renting and 
The decline in the slope of the income line in Figure 
28 indicates this increase in the marginal cost of obtaining 
income. 
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Figure 28. Minimum cost plans for achieving varying levels 
of income on the Shelby-Grundy-Haig upland farm 
with high efficiency, a $1.00 corn price level 
and feed grain buying 
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2-litter hog activities and an increase in the corn buying 
and 1-litter hog activities. Total hog production increases 
by 52 litters in plan 3 as the upland farm's organization ' 
shifts toward a feed lot type hog operation. Plan 3 pro­
duces a 12 per cent increase in labor-management income and 
a 15 per cent increase in the hours of operator-family labor 
used. _ 
Hourly wage rates of $3.45, $3.78 and $4.17 produce 
adjusted annual nonfarm salaries equivalent to the labor-
management income for plans 1, 2 and 3, respectively. Thus,, 
the farm family can achieve all three income goals on the 
upland farm. The optimum farm plans for income goals A, B 
and C can be obtained by reducing the scale of plan 1 by 
1 52, 39 and 19 per cent, respectively. 
Corn buying effects compared 
The marginal cost of obtaining income for the extensive 
(land using) plans is considerably lower than for the inten­
sive hog production plans on the average and upland farms. 
In addition, the marginal cost of obtaining income for an 
extensive plan is only 2 per cent larger than for an inten­
sive plan on the hilly farm. Consequently, the first 
% 
The points labeled A, B and C on the cost axis in 
Figure 28 represent the optimum plans for income goals A, 
B and C. 
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optimum plan obtained with the assumption of no feed grain 
buying is relatively stable when feed grain buying is con­
sidered. 
Feed grain buying affects plans 2 and 3 on the average 
and upland farm and all the plans on the hilly farm. The 
programming procedure selects the farm plan which produces 
the largest labor-management income for the given set of 
constraints with the least total variable cost. Since hogs 
can produce more net return per unit of limiting labor, the 
extensive farm plan is replaced by an intensive farm plan 
which resembles a feed lot hog operation. The farm's de­
pendency upon land renting and crop production is reduced 
in the intensive plans, and capital inputs, measured in 
terms of total variable cost, increase sharply. 
As the farm plan's dependency upon land renting and 
crop production declines, the income differences among farms 
are reduced or nearly eliminated. When feed grain can not 
be purchased, the maximum labor-management incomes on the 
hilly and average farms are 51 and 30 per cent smaller, 
respectively, than the maximum income on the upland farm. 
The maximum labor-management income for the hilly farm is 
the largest, and the maximum incomes on the three farms 
differ less than 5 per cent when feed grain buying is con­
sidered. Since the labor coefficients for the hog activi­
ties are the same on each farm, the differences in total 
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annual operator-family labor inputs are also nearly elimi­
nated in the intensive farm plans. When feed grain can not 
be purchased, the total annual hours of operator-family 
labor, used on the hilly and average farms are 25 and 18 per 
cent larger than on the upland farm. Total annual operator-
family labor inputs on the three farms differ less than 3 
per cent when feed grain buying is considered. 
If the production and price relationships assumed 
apply, then the optimum plans with feed grain buying suggest 
that some farmers in the study area can increase their in­
comes by adopting farm plans which specialize in hog pro­
duction'. However, the input-output coefficients assumed for 
the hog activities probably are not realistic for the large 
hog enterprises obtained in the plans.. With large hog 
enterprises, management problems (disease, sanitation, 
breeding, feeding, marketing, etc.) may arise which are not 
accounted for in the input-output coefficients, and the 
assumption of constant input-output coefficients for the hog 
activities may be violated as the size of the hog enterprise 
changes. In addition, if all the farmers in the Shelby-
Grundy-Haig soil area were to adopt the maximum income plans 
obtained with feed grain buying, the aggregate effects of 
increased hog production and corn consumption might cause 
the assumptions regarding the level of buying and selling 
prices for hogs and corn to be violated. Thus, the maximum 
4io 
Income plans with feed grain buying may be feasible for only 
a limited number of the farmers in the study area. 
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THE AGRICULTURAL STRUCTURE IN THE STUDY AREA 
' AND THE PROGRAMMING RESULTS 
Optimum plans for achieving maximum and specific labor-
management incomes in specific farm situations were pre­
sented and discussed in the preceding chapter. Given these 
optimum plans the following questions or problems are con­
sidered in this chapter. How many farms with an optimum 
organization and size can exist on the land available for 
farms in the study area?1 If all the farms in the study 
area have the. optimum organization and size, what will be 
the effect upon the study area's farm population and the 
quantity and combination of agricultural products produced 
and resources used in the study area? Is agriculture in the 
study area changing in the direction suggested by the 
Some farms in the study area already contain more 
acres of land than the optimum plans presented in this 
study. The land area used by these very large farms could 
be deducted from the total land area, and it would be pos­
sible to estimate the number of farms (with optimum organi­
zation and size) that could exist on the remaining land 
area. Unfortunately the data required to make estimates of 
the farms already possessing optimum or larger acreages are 
not available for the study area. This study area consists 
of Appanoose, Clarke, Davis, Decatur, Lucas, Monroe, 
Ringgold, Union and Wayne counties. The study area is fur­
ther divided into soil association areas, and most of the 
study area lies in two soil association areas, Shelby-
Grundy- Haig and Shelby-Seymour-Edina. For discussion pur­
poses the former soil association area is assumed to consist 
of Clarke, Decatur, Lucas, Monroe, Ringgold and Union 
counties, and the latter soil association area is assumed 
to consist of Appanoose, Davis and Wayne counties. 
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optimum plans, and at what rate is this change occurring? 
Since the optimum organization and size for a farm vary 
with the farm family's goals, specific goals must be 
selected to generate the study area's agricultural struc­
ture from the programming results. Obtaining competitive 
resource returns is one goal which could be considered, but 
the programming results suggest that competitive returns for 
all resources can not be achieved on some soil mixtures.1 
Thus, the competitive resource return goal will not be con­
sidered. The three alternative farm family goals considered 
are 1. to achieve a net farm income of $3,751, 2. to maxi­
mize net revenue or labor-management income and 3. to adopt 
the most efficient income producing plan when only crop 
labor is limiting. These three goals will be referred to as 
goals I, II, and III, respectively. Goal I represents a 
minimum level of living for the farm family based on the 
consumption expenditure records for a selected group of Iowa 
farm families (28). Goal II requires no further explana­
tion. Goal III represents the efforts of a family 
attempting to expand their most efficient farm plan through 
This statement is based on the assumptions that (a) 
the adjusted annual salary for an unskilled Iowa factory 
worker is a competitive return for operator-family labor and 
management resources, and (b) that the returns assigned to 
the other resources also represent competitive returns. 
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increased work effort or increased efficiency. 
The optimum farm organization and size for goals II and 
III were derived and presented in the preceding chapter. 
The last programming solution for each farm situation repre­
sents the maximum labor-management income plan.1 . The first 
programming solution for each situation represents the plan 
with the lowest marginal cost of obtaining income or the 
most efficient income producing plan. Optimum farm plans 
for goal III have been provided by expanding these efficient 
plans until the stock of either March-April, oats or May-
2 June, corn labor becomes limiting. Since some assumptions 
regarding resource equity are necessary to derive the opti­
mum plans for a net farm income of $3,751, each farmer is 
assumed to own all his resources in the discussion of goal 
I. Optimum farm plans for goal I can then be derived by an 
appropriate reduction in the scale of plan 1 for each rele­
vant situation.^ The optimum farm plans for goal I are pre­
sented in Table 92. Only the optimum farm plans obtained 
from the basic linear programming models are considered in 
^See Tables 
^See Tables 
^See Tables 
47 and 52. 
86 and 89. 
47 and 52. 
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Table 92. Optimum farms plans for goal I, a net farm income 
of $3,751, on the Shelby-Grundy-Haig and Shelby-
Seymour-Edina farms8-
Item 
Shelby-Grundy-Haig 
farms 
She lby-Seymour - Edina 
farms 
Hilly Average Upland Hilly Average Upland 
Land renting 
(acres) 
CCSb^ (acres) 
CCÔM1 (acres) 
CCOMQ (acres) 
CCOMM^ (acres) 
CCOMMQ (acres) 
Beef cow, sell 
calf (head) 
2-litter hogs 
(litters) 
Hay labor hire 
(hours) 
Total sales 
(dollars) 
554 
167 
59 
34 
236 
276 
104 
49 
30 
37 
118 
139 
99 
35 
485 
44 
105 
32 
30 
127 
306 
123 
39 
160 
102 
13 
3 
36 
13 
11,761 10,656 9,706 9,832 10,704 10,230 
The plans for the hilly, average and upland .Shelby-
Grundy-Haig farms are obtained by reducing the scale of the 
first optimum plans in Table 47 by 18.13, 25.62 and 37.49 
per cent, respectively. The plans for the hilly, average 
and upland Shelby-Seymour-Edina farms are obtained by re­
ducing the scale of the first optimum plans in Table 52 by 
29.53, 25.79 and 31.29 per cent, respectively. Ownership 
of all resources is assumed. 
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this chapter.1. 
Estimates of the number of farms which can exist in the 
study area are obtained by dividing the acres of land avail­
able for farming in the area by the acreage required per 
farm. Hence, an estimate of the acres of land available 
for farming is required. Such an estimate is not available, 
but two estimates of the acres of land in farms are avail­
able, the annual estimate of the Annual Farm Census by the 
Iowa Department of Agriculture (30 j and the estimate pro­
vided every five years in the Census of Agriculture (86, 
87). In 1945, the estimates of acres of land in farms from 
these two sources were quite similar. Changes in the Census 
of Agriculture definition of a farm since 1945 have caused 
• .its estimates of land in farms to decline and to diverge 
from the estimates by the Iowa Department of Agriculture. 
The definition of a farm used by the Iowa Department of 
Agriculture in the Annual Farm Census has not changed and 
its estimates of land in farms have not declined in recent 
2 years. Consequently, the mean acreage in farms from the 
1Hence, a $1.00 corn price level, medium efficiency, no 
labor hiring (except for hay harvesting) and no corn buying 
are assumed. 
p 
In the Annual Farm Census a farm is defined as any 
tract of land consisting of 3 acres or more, used for agri­
cultural purposes and operated by one individual with or 
without the assistance of family and hired labor. Individ­
uals include partnerships, corporations and institutions 
(30). 
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Annual Farm Census for the period 1953-1957, 2,719,058 
acres, is used as an estimate of the land available for 
farming (Table 93).^ 
The optimum farm plans derived in the previous chapter 
are for specific soil mixtures. Consequently, estimates of 
the acreages of specific soil mixture's available for farming 
in each soil association area are required to calculate the . 
number of farms which can exist in the study area. A sample 
of quarter sections surveyed in each soil association area 
is divided into three classes designated hilly, average and 
upland (Appendix A). The proportion of the quarter sections 
falling into each of these three classes is used as the 
- 1 
estimate of the proportion of total land in the soil asso­
ciation area falling into that class. Estimates of the 
total acreage of land available for farming and of the acres 
available for hilly, average and upland farms are presented 
in Table 93. 
Estimates of the number of farms which can exist in the 
study area with goals I, II and III are presented and 
There were 2,556,696 acres of land in farms in the 
study area during 1959 if the Census of Agriculture defini­
tion of a farm is used. In the 1959 Census of Agriculture 
a farm is defined as a place (a) of 10 acres or more if the 
estimated annual sale of agricultural products was $50 or 
more or (b) of less than 10 acres if the estimated annual 
sale of agricultural products was $25O or more (87). 
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Table 93. Estimated'aores of land available for hilly, 
average and upland farms and estimated acres of 
total land available for farming by soil 
association areas 
Type of land So" association area 
Shelby-Grundy-Haig Shelby-Seymour-Edina 
Hilly 528,947 
(acres) 
388,498 
Average 1,057,718 459,037 
Upland 170,050 114,808 
Total 1,756,715 962,343 
discussed below. In addition, the effects of changes in the 
number, organization and size of farms upon the agricultural 
structure, input and output of the area are considered. Ob­
viously one can not assume that all the farms in the study 
area will eventually have the organization and size sug­
gested by the programming results. Some farms in the study 
area are already larger than the estimate of optimum size 
obtained in this study. Not all farm families have the 
goals assumed above, and not all farm firms have the con­
straints, activities, input-output coefficients and objec­
tive function assumed in the programming models. Changes in 
farm numbers, organization and size may also affect factor 
and product prices within the study area. Changes in factor 
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and product prices may, in turn, affect the optimum farm 
organization and size, and hence, the number of farms which 
can exist in the study area. However, the programming re­
sults in this study do suggest adjustments which individual 
farmers can make to increase their incomes. Such adjust­
ments by individual farms will produce changes in the study 
area's agricultural structure. 
Goal X 
Application of the programming results indicates that 
only 9,029 farms could exist in the study area if all farms 
were optimally organized to achieve goal I (Table 94). 
Estimates of the number of farms existing in the area during 
1959 range from 12,765 to 11,540 depending upon the defini­
tion of a farm selected (30, 87). For discussion purposes 
in this chapter, 12,765 farms are assumed to exist in the 
study area. Hence, application of the programming results 
for goal I reduces the number of farms in the area by 3,736 
or 29 per cent. An increase in average farm size, from 213 
to 301 acres, accompanies the decline in farm numbers. An 
average of three persons lived on each farm in the area in 
1959 (30). If one assumed that three persons will continue 
to live on each farm, then farm population in the area would 
decline by ll,l8l. 
Application of the optimum plans for goal I affects 
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Table 94. Estimates of acres of land in farms, number of 
farms, average acreage per farm and persons 
living on farms in the study area during 1959 
and for goals I, II and III 
Item 
Acres of 
land 
in farms • 
Number 
of 
farms 
Persons 
living 
on farms 
Average 
acreage 
per farm 
1959b 2,713,551 12,765 38,268 213 
Goal I 2,719,058 9,029 27,087 301 
Goal II 2,719,058 6,493 19,479 419 
Goal III 2,719,058 5,800 17,400 469 
Estimates of the number of persons living on farms for 
goals I, II and III are based on the assumption that three 
persons live on each farm. 
10All the data for 1959 are from the Annual Farm Census 
(30). Census of Agriculture data indicate that 11,540 farms 
existed in the study area in 1959 (87). Differences in the 
definition of a farm cause some of this discrepancy in the 
estimated number of farms. 
aggregate output and input for the area. Because measures 
of total output and input are difficult to obtain, only the 
effects of the optimum plans upon land use, crop production 
and livestock numbers are considered. Data on land use in 
1959 and under goal I are presented in Table 95. Total 
cropland acreage is only 3 per cent larger under goal I, but 
the acreages of row crops and small grains for goal I are 33 
and 32 per cent larger, respectively, than in 1959. Fewer 
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Table 95. Land use in 'the study area in 1959 and with the 
application of the programming results for goal I 
.1959 & ' Goal I 
Land use acreage acreage 
Total land 2,713,551 2,719,058 
Cropland 1,217,022 1,254,355 
Row crops 595,950 793,692 
Corn 437,422 655,406 
Soybeans 150,803 138,286 
Sorghum 7,725 0 
Small grains 142,359 188,442 
Oats 133,810 188,442 
Wheat 7,639 0 
Barley 157 0 
Rye 753 0 
All other crops 1,615 0 
Cropland not harvested 120,499 0 
Hay and pasture13 • 1,661,811 1,420,202 
Other land0 191,317 316,728 
aBased on the Annual Farm Census (30). 
bLand used for hay is classified as cropland. 
Land in lots, roads, buildings, woods, waterways, 
waste, etc. 
acres are devoted to hay and pasture crops with goal I. 
Crop yields in the optimum farm plans are generally as high, 
or higher, than yields actually obtained in 1959 and pre­
vious years. Hence, the area's production of oats and corn 
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for goal I are 92 and 46 per cent larger, respectively, than 
In 1959. Total soybean production for the two situations 
(1959 and goal I) differs only 0.8 per cent. 
Table 96 contains estimates of the livestock numbers 
in the study area during 1959 and with the optimum plans for 
goal I. Application of the programming results to the area 
causes specialization in hog and cattle production. Little 
significance can be attached to this specialization in live­
stock production for the simplicity of the programming model 
makes such specialization almost inevitable. To facilitate 
comparisons between actual and planned livestock numbers, all 
the different types of livestock are converted into animal 
units. Use of this measure indicates that application of 
the optimum plans increases total livestock numbers in the 
area. The total number of animal units for goal I is 38 per 
cent greater than in 1959. 
Application of the plans for goal I also changes the 
combination of resources used in the area. The total 
acreage of land is unchanged by assumption. Total labor 
available in the area declines because the number of opera­
tors and persons living on farms declines. Comparison be­
tween actual and planned labor use can not be made since 
estimates of labor use in 1959 are not available. The num­
ber of tractors in the area also declines under goal I, but 
the numbers of combines, corn pickers and hay balers 
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Table 96. Livestock numbers in the study area in 1959 and 
with the application of the programming results 
for goal Ia 
Item 1959 Goal I 
"h 
Total animal units 466,227 643,265 
Milk cows and heifers, 
two years and older 42,160 0 
Beef cows, two years 
and older 118,685 198,893 
Cattle on feed 35,042 0 
All other cattle 188,301 24,862 
Hogs 701,716 2,349,900 
Hens and pullets 808,670 0 
Chickens raised 622,259 0 
Commercial broilers produced 311,920 0 
Turkeys raised 423,822 0 
Stock sheep 137,204 0 
Sheep and lambs on feed 46,586 0 
^Livestock numbers were obtained from the Annual Farm 
Census (30) and the Census of Agriculture (87). 
bThe factors used to convert livestock numbers to 
animal units were taken from Jennings (35). 
increase (Table 97). Comparisons of machinery numbers are 
misleading because a fixed machinery combination is assumed 
in the programming model. Although machinery sharing 
arrangements are not considered in the programming models, 
they are consistent with the programming results. Machinery 
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Table 97. Numbers of selected machines and expenditures for 
machinery and labor hire in 1959 and for goals I-, 
II and III 
Item . 1959 Goal I Goal II Goal III 
ct Machinery numbers 
Tractors 14,090 9,029 6,493 5,800 
Combines 4,138 9,029 6,493- 5,800 
Corn pickers 5,030 9,029 6,493 5,800 
Hay balers 3,084 9,029 6,493 5,800 
Field forage 
harvesters '510 0 0 0 
Dollar expenditures13 
Machinery hire $1,309,028 $622,950 $633,211 $622,950 
Labor hire 2,177,202 788,6.17 789,379 788,617 
^Machinery numbers for 1959 obtained from the Annual 
Farm Census of^the Iowa Department of Agriculture (30). 
^Dollar expenditures are based on Census of Agriculture 
data (87). 
sharing among farms could reduce the estimates of machinery 
numbers for the area under goal I. Total expenditures for 
labor and machinery hire in the area are smaller under goal 
I than in 1959. However, both of these expenditures are 
limited by the assumptions made in the programming model. 
Total production per farm under goal I increases be­
cause aggregate crop production and livestock numbers in­
crease while the number of farms declines. More acres of 
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cropland are available per farm, and more units of livestock 
are produced per farm under goal I (Table 98). Complete 
data on sales per farm in the study area are not available 
for 1959. However, 81 per cent of the units classified as 
farms by the Census of. Agriculture had sales of $10,000 or 
less, and 53 per cent of these units had sales of $5,000 or 
less (87). Approximately 78 per cent of the farms under 
goal I had sales of $10,000 or more, and the remaining farm 
had sales of $9,700 or more. The optimum plans for goal I 
also produce a change in the combination of inputs used per 
farm because land, fertilizer, machinery and other resources 
increase relative to labor inputs. 
Agriculture in the study area is changing in the direc­
tion suggested by the programming results. The number of 
farmers in the area has declined rather steadily since 1934. 
Increases in land, cropland, machinery, fertilizer and live­
stock per farm have accompanied the decline in farm numbers. 
At what rate is the study area changing toward the program­
ming results? To determine the rate at which the area is 
changing, one must select a measure of change. The measure 
selected in this study is the change or growth in acreage 
per farm. The estimated annual rate of growth in acreage 
per farm for the study area was 1.00 per cent during the 
1950-1959 period, 1.25 per cent during the 1940-1959 period 
and 1.42 per cent during the 1950-1959 period ( 8 5 ,  8 6 ,  8 7 ) .  
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Table 98. Land use, livestock numbers and total sales per 
farm in 1959 and for goals I, II and III 
Item 1959 Goal I Goal II Goal III 
Land use (acres)a 
Cropland 95 139 193 216 
Row crops 47 88 122 138 
Small grains 11 21 29 33 
Hay and pasture 130 ' 157 219 243 
Animal unitsb 37 71 110 111 
Total sales (dollars) 6,597- 10,545 14,862 16,413 
aData on 1959 land use obtained from the Annual Farm 
Census by the Iowa Department of Agriculture (30).  
^The factors used to convert livestock numbers to 
animal units were taken from Jennings (35).  
Note that the rate of growth for the most recent period is 
the highest. 
Estimates of the years required to achieve an area 
agricultural structure consistent with the programming re­
sults for goal I can be made by assuming that the historic 
rates of growth in acreage per farm derived above will con-, 
tinue in the future (Table 99). Thus, 35 years would be 
required for farms in the area to achieve goal I' if the 
annual rate of growth in acreage per farm for the 1930-59 
period is assumed. If the growth rate for the 1950-1959 
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Table 99. Years required for farms remaining in the study-
area to achieve goals I, II and III when selected 
historic rates of growth in acreage per farm are-
assumed 
Percentage 
-growth rate Goal I Goal II Goal I.II 
1.0 
1.25 
1.42 
35 68 79 
28 54 63 
25 48 56 
period continues, only 25 years would be required to achieve 
an area structure consistent with goal I. 
The programming results suggest that the study area's 
farms may not achieve goal I until 1984 or 1994 if historic 
rates of growth in acreage per farm continue. Since the 
acreage growth rate has increased in recent years, the fol­
lowing question must be considered. What rate of growth in 
acreage per farm is necessary if an,area structure consis­
tent with goal I is to be achieved in 5, 10, 20 or 30 years? 
Estimates of the required growth rates are presented in 
Table 100. The growth rate required to achieve goal I in­
creases as the time period grows smaller. Thus, an acreage 
growth rate 148 per cent larger than the rate during the 
1950-1959 period is required to achieve goal I in 10 years. 
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Table 100. Percentage annual growth rate in acreage per 
farm required to achieve goals I, II and III 
in selected time periods 
Time period 
in years Goal I Goal II Goal III 
5 • • 7.11 14.49 17.10 
10 3.52 7.00 8.21 
20 1.77 3.44 4.03 
30 1.16 2.28 2.67 
If total land in farms in the study area remains un­
changed, then an increase in farm size must be accompanied 
by a decline in farm numbers. The annual rate of decline in 
the number of farms for each growth rate in farm size can be 
calculated by dividing the annual growth rate by one plus the 
annual growth rate. Increases in the rate of growth in 
acreage per farm cause increases in the rate of decline in 
farm numbers. For example, an annual growth rate in the 
acreage per farm of 1.42 per cent results in an annual rate 
of decline in farm numbers of 1.40 per cent, while an annual 
growth rate of 7.11 per cent produces an annual rate of de­
cline of 6.64 per cent. 
Goal I may be considered a minimum income goal since it 
is based on consumption expenditure records for a selected 
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group of Iowa farm families (28). These consumption ex­
penditures did not include any expenditures for income tax, 
savings, investment or. debt repayment purposes. Application 
of the farm plans for even such a minimum income goal in­
creases the acreage per farm and, hence, reduces the number 
of farms in the area. Thus, the programming results for 
goal I suggest that (a) the forces causing an increase in 
farm size and a decline in farm numbers have not exhausted 
themselves and (b) a continued increase in average farm size 
and, hence, a decline in farm numbers are likely to occur. 
Increases in the annual rate of growth in acreage per farm 
for the area during the past three decades support this 
conclusion. 
Goal II 
The acreage per farm for goal II is 39 per cent greater 
than for goal I and 97 per cent greater than in 1959 (Table 
94). Consequently, application of the plans which maximize 
labor-management income results in a shapp reduction in the 
number of farms and persons living on farms in the study 
area. Land use, crop production, livestock numbers and 
aggregate output for the area under goals I and II are simi­
lar. The comparisons made above between area output in 1959 
and under goal I also hold for 1959 and goal II. 
The combination of inputs available for use in the area 
429 
under goal II changes relative' to the Input combination for 
•1959 and under goal I. In general, the quantity of labor 
and machinery available declines relative to other inputs, 
but the quantity of labor and machinery available is more 
fully utilized under goal II than under goal I. Total land 
in farms remains the same by assumption. Machinery numbers 
and the quantity of operator-family labor available decline 
as the number of farms declines (Table 97). Total expendi­
tures for machinery hire and labor hire in the area remain 
approximately the same. Fertilizer use increases slightly. 
The primary effect of organizing the area according to 
the plans for goal II is the change which' occurs in the 
quantity and combination of products and resources per farm 
(Table 98). The land acreage per farm increases while the 
quantity of machinery and labor available is fixed by 
assumption. Crop and livestock output per farm both increase 
since the acreage of cropland and the numbers of animal 
units per farm are larger under goal II than in 1959 or 
under goal I. Total sales per farm for goal II range from 
$14,367 to $15,527. Only 19 per cent of the units classi­
fied as farms in the 1959 Census of Agriculture had sales 
of $10,000 or more, and only 4.5 per cent had sales of 
$20,000 or more (87).  
Assuming past rates of growth in acreage per farm, 48 
to 68 years would be required to achieve the area structure 
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suggested, by the programming results for goal II (Table 99). 
More rapid rates of growth in the acreage per farm are 
necessary if the area structure consistent with goal II is 
to be achieved in a shorter'time period. Annual growth 
rates of 7.00 and 14.49 per cent are required to attain the 
area structure for goal II within 10 and 5 years, respec­
tively (Table 100). Note these acreage growth rates are 
nearly 4 and 9 times as large, respectively, as the growth 
rate in acreage per farm during the 1950-1959 period. 
Goal III 
The acreage.per farm for goal III is larger than for 
either goal I or goal II. Therefore, the number of farms 
which can exist in the area is the smallest under goal III 
(Table 94). Achievement of an area structure consistent 
with goal III requires a 55 per cent reduction in the number 
of farms existing in 1959. Aggregate output for the area is 
nearly the same for each goal. Changing the goal assumed 
has some effect upon the combination of resources available. 
Smaller quantities of labor and machinery are available 
under goal III while the quantity of other resources is un­
changed (Table 97). 
Application of the programming results for goal III 
causes a change in the combination of resources used per 
farm and a sharp increase in output per farm. The quantity 
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of other resources used Increases relative to the quantity 
of labor and machinery available under goal III. Total 
cropland, crop production, animal units and sales per farm 
for goal III are larger than for the other goals (Table 98). 
How many years are required to achieve an agricultural 
structure in the study area consistent with goal III? A 
relatively long period of time, 56 to 79 years, is required 
if past rates of growth in acreage per farm are assumed 
(Table 99). An area structure consistent with goal III can 
be achieved in a shorter time period if the annual rate of 
growth in acreage per farm increases. However, acreage 
growth rates 5 and 11 times as large as the growth rate 
during the 1950-1959 period are required to achieve such an 
area structure within 10- and 5-year periods, respectively. 
Summary 
Estimates of agricultural structures for the study area 
consistent with selected programming results are developed 
and presented above. The area structures obtained in this 
manner differ considerably from the agricultural structure 
in the study area during 1959. Organizing all the farms in 
the study area according to the programming results causes a 
decline, ranging from 29 to 55 per cent, in the total number 
of farms existing in 1959. If the average number of persons 
living on each farm remains unchanged, a corresponding 
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decline in farm population must accompany the decline in 
f a r m  n u m b e r s . . .  
The quantity and combination of products produced in 
the area changes considerably when the programming results . 
are applied. The land acreage used for row crops and small 
grains increases, while the acreage devoted to hay and 
pasture crops declines. Consequently, feed grain production 
for the area increases relative to forage production. All 
the feed grain produced within the area is fed within the 
area, and all the forage produced within the area is. either 
fed within the area or remains unused. Hence, the total 
number of animal units in the area increases approximately 
38 per cent. 
The decline in farm numbers associated with the pro­
gramming results also causes a change in the combination of 
resources used in the study area. Machinery numbers and the 
quantity of operator-family labor available decline as farm 
numbers decline. Expenditures for machinery and labor hire 
also decline for the area. Thus, the programming results 
lead to a reduction in labor and machinery resources rela­
tive to land and other resources. Precise estimates of re­
source use are difficult to make. Declines in machinery 
numbers may be offset by increases in size and in annual 
use. Similarly, declines in the quantity of operator-family 
labor may be offset by more complete utilization of the 
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quantity of labor available. 
The agricultural structure obtained for the area by 
applying the programming results is not. a forecast of the 
study area's future agricultural structure. Increases in . 
the acreage per farm within the'study area indicate that its 
structure has changed and probably will continue to change 
in the direction suggested .by the programming results. 
Relatively long time periods are required to make large 
changes in the agricultural structure of an area. For ex­
ample, 48 to 68 years are required to achieve an agricul­
tural structure consistent with the programming results for • 
goal II if the acreage per farm continues to grow at the 
rate achieved during the 1950-59 period. Increased rates of 
growth in acreage per farm and increased rates of decline in 
farm numbers are necessary if the structure of the study 
area is to change more rapidly. 
The numbers of farms and farmers in the study area have 
declined at an increasing rate during the past three decades, 
and further increases in the rate of decline seem quite 
feasible. Changes in the number of farmers in the study 
area are determined by changes in the rate of entry into 
farming and changes in the rate of departure from farming. 
In turn, the rate of departure by farmers from farming is 
determined by the death rate, rate of occupational migration 
and rate of retirement for active farmers. Both the death 
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rate and rate of retirement for farmers are affected by the 
age distribution of farmers. 
„ Farm operators in the study area have a higher average 
age than farmers for the entire state of Iowa, 50.2 versus 
4?. 6. A high proportion of the farm operators in the study 
area are in older age groups (Table 101). Seventeen per 
cent of the farm operators are older than 65, a retirement 
age in many private and public retirement programs. In 
addition, 64.4 per cent of the farmers are 45 years of age 
or older. Retirement of all farmers over age 65 and retire­
ment of all farmers reaching, age 65 could lead to a sharp 
reduction in the number of farmers in the study area if the 
rate of entry into farming was sufficiently small in the 
future. 
What reductions in the number of farms and farm opera­
tors are necessary to achieve goals I, II and III. The num­
ber- of farms and farm operators in the study area would have 
to be reduced by 3,736, 6,272 and 6,965 to achieve goals I, 
II and III, respectively. To estimate future reductions in 
the number of farm operators from death and retirement, the 
following assumptions are made : (a) historical survival 
rates, (b) no out-migration of active farmers, (c) retirement 
^All statements regarding the age distribution of 
farmers apply to only the population of farm operators 
enumerated in the 1959 Census of Agriculture (87). 
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Table 101. Age distribution of farm operators in the study. 
area during 1959a 
Age class 
Number of- -
farm operators 
Per cent of total number 
of farm operators 
Under 25 284 2.5 
25 to 34 1478. 12.9' . 
35 to 44 2308 20.2 
45 to 54 2819 24.7 
55 to 64 2588 22.7, 
65 and over 1938 17.0 
aThe age distribution in this table is for 11,415 farm, 
operators reporting age in the 1959 Census of Agriculture 
(87). 
of all farmers over age 65, (d) retirement of all farmers at 
age 65, and (e) no entry into farming.1 Given these assump­
tions, death and retirement of existing farm operators would 
produce the number of operators consistent with goal I in 
less than 10 years. The number of operators consistent with 
goals II and III would be achieved in less than 20 years, 
and entry of a limited number of farmers would be possible. 
The future decline in the number of farm operators from 
death arid retirement may be underestimated since death and 
retirement were calculated for the population of 11,415 
^Census survival ratios for the 1940-50 period were 
used (6). 
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operators reporting-age in the 1959 Census of Agriculture 
rather than for the population of 12,765 operators reported 
in the Annual Farm Census. No data on age of farmers are 
available in the Annual Farm Census. The required reduction 
in number of farms and farm operators for each goal may also 
be underestimated. Some farms in the study area already 
contain more acres of land than the farms in the optimum 
plans. Hence, a larger decline in the existing number of 
farms and farm operators would be required if the remaining 
farms were to achieve optimum size. The tendency to under­
estimate the required decline in the number of farms and 
farm operators for each goal may be offset by the tendency 
to underestimate the reduction in the number of farm opera­
tors from death and retirement. 
Some farm operators in the study area will have to 
change occupations or move to other geographical areas if 
the number of farm operators consistent with either goal II 
or goal III is to be achieved in 15 years or less. More 
than 40 per cent of the active farm operators would have to 
move to another occupation if the number of operators con­
sistent with goal III is to be achieved within five years. 
As the time period available for achieving a specific 
structural goal increases, the rate of occupational migra­
tion required to achieve the number of farm operators con­
sistent with that goal decreases. Thus, only six per cent 
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of the active farm operators would have to move to another 
occupation if the number of operators consistent with goal 
III is to be attained within 15 years. Such a migration 
rate is considerably smaller than the migration rate for any 
age group in the rural-farm population of the study area 
during the 1940-50 decade. 
The estimates of the effects of (a) restricted entry 
into farming and (b) death and retirement of active 'opera­
tors upon the population of farm operators suggest that an 
agricultural structure consistent with the programming re­
sults could be achieved within 15 to 20 years. Moreover, 
such a structure could be attained with zero or very small 
amounts of occupational migration by farmers. To achieve 
the programmed area structure in less than 15 years would 
require more restricted entry of new farmers or increased 
rates of out-migration by active farmers to offset the entry 
of new farmers. 
It may be possible to achieve an area structure consis­
tent with the programming results in twenty years or less, 
but it seems unlikely that the optimum farm plans derived in 
this study will remain optimum after 20 years. Relative 
factor prices, relative product prices and the state of 
technology will probably change within 20 years thereby 
causing the optimum plans for each type of farm to change. 
As the optimum farm plans change, the area structure which 
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is consistent with these plans will also change. Thus, the 
gap between the programmed and actual-agricultural structure 
may continue through time even though the actual agricul­
tural structure in the area changes rapidly. 
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SUMMARY 
This study was designed to (a)1estimate the effect of 
farm size upon per unit crop, production costs for selected 
machinery combinations and farm situations, (b) determine 
the enterprises and least cost quantity of resources 
necessary'to achieve.specific farmer income goals for 
selected farm situations and (c) compare the empirical re-
> 
suits of this study with the agricultural structure of the 
study area. Budgeting techniques were used to estimate the 
relationship between crop acreage and crop production costs 
and linear programming techniques were used to estimate 
optimum farm plans. The results for the programming analy­
sis were aggregated for comparison with the agricultural 
structure in the study area. 
Budgeting Analysis 
Estimates of average costs per dollar of crop product 
were made for five machinery combinations and for crop 
acreages varying from 40 to 640 acres on three different 
soil mixtures in the Shelby-Grundy-Haig soil association 
area. Two budgeting models were considered. In model I, 
pasture produces no revenue, and in model II, pasture pro­
duction is marketed through the beef cow enterprise. 
Changing from model I to model II has relatively little 
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effect upon the budgeting results. A schedule of the time 
period during which each crop operation can be performed 
without yield loss and a schedule of the time required for 
each field operation were derived for each crop. Revenue 
and yield reductions from crop field operations performed 
after scheduled time periods were also considered for each 
crop. A high efficiency level, high fertilization rates, 
specific field operations for each crop and rotations con­
taining the highest proportion of row crops consistent with 
suggested soil conservation standards were assumed in each 
budgeting model. 
The budgeting analysis suggests that substantial reduc­
tions in average total cost per dollar of crop product can 
be obtained by utilizing larger machinery combinations on 
larger crop acreages when custom operations are not con­
sidered. Per unit cost declines rapidly as the crop acreage 
increases, and minimum per unit cost is achieved at 320 crop 
acres on each farm. Since the proportion of crop land in 
the three soil mixtures differs widely, the acreage of total 
land required to achieve minimum per unit cost ranges from 
106l acres on the hilly farm to 453 acres on the upland 
farm. Resource combinations which attain a per unit cost 
falling within 5 per cent of minimum costs achieve the major 
share of the cost economies available in crop production. 
Hence, per unit costs falling within 5 per cent of minimum 
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costs are considered constant. The budgeting results indi­
cate that a 2-man, 2-tractor machinery combination and 196 
to 232 crop acres are required to achieve constant per unit 
cost when custom operations are not considered. 
Small machinery combinations have the lowest per unit 
cost for small acreages (l60 crop acres or less), but their 
costs are high relative to minimum per unit cost. Total and 
average fixed costs for small machinery combinations are 
less than for large machinery combinations on small acreages. 
However, small machinery combinations lack the capacity to 
operate efficiently on large crop acreages, and as crop 
acreage increases, untimely field operations result in yield 
and revenue losses. Hence, the average fixed cost per 
dollar of crop product for small machinery combinations 
never declines to the low level achieved with larger 
machinery combinations on large acreages. In addition, the 
yield and revenue losses cause average variable cost per 
dollar of crop product for the small machinery combinations 
to increase rapidly as acreage increases.; 
Custom operations can be used to reduce total and 
average fixed cost per dollar of crop product and to in­
crease the capacity of small machinery combinations. To 
estimate the effect of custom operations upon the relative 
efficiency of small and large machinery combinations, custom 
harvesting operations for the 1-man, 1-tractor machinery 
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combinations were considered on the average farm. Custom 
operations increase the relative efficiency for the 1-man, 
1-tractor machinery combinations and make these small 
machinery combinations fully as efficient on small acreages 
as the larger machinery combinations are on larger acreages. 
Minimum average total costs per dollar crop product is 
achieved at. 152 crop acres with custom operations. The bud­
geting results suggest that most of the cost economies 
available in crop production on the average farm can be 
achieved with (a) a 1-man, 1-tractor combination and 152 to 
288 acres of crop land and (b) a 2-man, 2-tractor combina­
tion and 288 or more acres of crop land. However, cost re­
ductions associated with custom operations are overestimated 
if extensive waiting periods for custom operations prevail. 
Machinery sharing arrangements were not considered, but such 
agreements will have the same effect as custom operations 
upon per unit cost. 
Estimates of average total cost per dollar of crop 
product were calculated with and without land rent. In­
cluding land rent in total variable cost increases per unit 
cost substantially. In addition, there is a reduction in 
the minimum crop acreage required to achieve constant per 
unit cost, but this acreage reduction is less than 40 acres. 
Corn price levels of $1.21, $1.23 and $0.96 are required to 
cover all crop production costs on the hilly, average and 
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upland faras, respectively, when land rents are included. 
The break-even corn price levels for the hilly and average 
farms exceed projected free market prices, corn support 
prices, for 1959 and i960 and the average corn price for the 
1955-60 period. 
What proportion of the farms in the study area have the 
resource combinations necessary to attain the cost economies 
available in crop production? At least 160. crop acres and a 
2-man, 2-tractor combination are required to attain constant 
per unit crop production cost without custom operations, and 
at least 120 crop acres, a 1-man, 1-tractor combination and 
$731 or more custom work are required to achieve constant 
per unit cost with custom operations. Less than 50 per cent 
of the farms in the study area have 160 acres of crop land 
and sufficient labor and machinery for a 2-man, 2-tractor 
machinery combination. Approximately half the farms in the 
study area do not have sufficient crop land to attain con­
stant per unit crop production costs even when custom opera­
tions are considered. Thus, the budgeting results indicate 
that the resource combinations on many farms in the study 
area must be enlarged if the farmer wishes to attain the 
cost economies available in crop production. Increases in 
the acres of land and crop land per farm generally cause a 
reduction in the number of farms within an area. Hence, the 
budgeting results also suggest that attempts by farmers to 
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reduce per unit crop production costs will probably lead to 
a continued reduction in farm numbers within the study area 
in the future. 
Linear Programming Analysis 
Three basic linear programming models of a farm were 
considered in this, study. These models differed only with, 
respect to the objective function. The objective functions 
considered were (a) to achieve specific levels of income, 
(b.) to attain competitive resource returns and (c) to maxi­
mize returns to owned resources. The basic programming 
models were applied to three soil mixtures or farms (hilly, 
average and upland) in each of the two soil association con­
sidered (Shelby-Grundy-Haig and Shelby-Seymour-Edina); and 
solutions for each programming model were obtained simul­
taneously by the variable constraint method of programming. 
The basic programming models assumed a farm firm oper­
ated by a farmer with a medium efficiency level, a fixed 
stock of operator-family labor and a 3-plow machinery com­
bination. The model also assumed a .00 corn price level, 
current input prices and farm production of all feed grain 
and forage fed. Hence, the effects upon the optimum farm 
plans of feed grain buying and changes in operator effi­
ciency, corn price level and quantity of labor resources 
were considered. 
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The optimum plans for the different soil mixtures or 
farms generally contain the same activities and are limited 
by the same resources. Rotations containing the highest 
proportion of row crops consistent with recommended soil 
conservation standards are chosen on each farm, and a high 
level of fertilization is generally selected. The livestock 
activities in the optimum plans consist of the beef cow, 
sell calf activity and one or both of the hog activities. 
The hog enterprise processes and markets the entire stock 
of feed grain produced on each farm. The beef cow enter­
prise generally processes and markets most of the stock of 
forage produced on each farm. Since the beef cow enterprise 
has a relatively low net return, it enters the optimum plan 
only when a hay crop is included in the farm's rotation. 
The optimum plans are generally limited by spring labor, 
cropland, feed grain, hay and pasture. Note that the last 
four limiting resources could be rented or produced if more 
labor were available. 
Changes in the farm's topography cause some activities 
in the optimum plan to increase relative to other activi­
ties. Grain production and grain consuming livestock in­
crease relative to forage production and forage consuming 
livestock as the farm's topography changes from rolling to 
level. Thus, the plans for the upland farms include little 
meadow, fewer beef cows, more row crops and more hogs than 
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the plans.for the hilly and average farms. Capital invest­
ment in land, buildings, livestock, machinery and equipment, 
which ranges from about $60,000 to $74,000 on the six farms, 
generally increases as the farm's topography becomes more" 
rolling. The total quantity of operator-family labor used . 
is smallest on the upland farms, but the labor-management 
income achieved is largest. Maximum labor-management in­
comes on the six farms range from $791 on the Shelby-Grundy-
Haig hilly farm to $3,511 on the Shelby-Grundy-Haig upland 
farm. 
The estimated adjusted annual salaries for fully em­
ployed unskilled ($1,848), semiskilled ($2,992) and skilled 
($4,656) Iowa factory workers were considered as competitive 
labor-management resource returns in this study. The opti­
mum plans for the medium efficiency farmer produce a maximum 
labor-management income which (a) is equal to or greater than 
the adjusted annual salary of a .semiskilled worker on the 
two upland farms and (b) is about equal to or slightly 
greater than the adjusted salary of an unskilled worker on 
the two average and two hilly farms. The person envisioned 
as a farmer with medium efficiency would probably have the 
capacity, under appropriate circumstances, to become a 
skilled factory worker. Thus, the programming results sug­
gest that a medium efficiency farmer can not achieve com­
petitive labor-management resource returns when he must 
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operate with-a $1.00 corn price level and the land rents 
assumed. 
Labor-management incomes for the optimum farm plans are 
calculated as a residual by subtracting all costs except 
operator-family labor costs from total revenue. Estimates 
of residual labor-management income are affected by changes 
in land rents and interest charges on other capital invest­
ments,* whereas estimates of net farm income are not affected 
by changes in these factor costs. Hence, net farm incomes 
for a series of asset equity positions were estimated for 
each farm plan and were prepared with a family consumption 
expenditure goal of $3,751. The programming results suggest 
that a farmer must own a relatively large quantity of re­
sources to attain a net farm income of $3,751, i.e., 100 per 
cent equity in his machinery, livestock, and livestock 
equipment and buildings, sufficient cash for all annual cash 
expenses and in some cases 25 per cent or more equity in land 
and crop buildings. Note that expenditures for income 
taxes, savings, debt repayments, and investments are not in­
cluded in the family expenditure goal. A farmer owning all 
his resources could attain maximum net farm incomes ranging 
from $4,928 to $6,939 on the six farms. 
Net farm income consists of labor-management income 
and interest income on all other owned resources. 
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Changing the level of efficiency assumed from medium to 
low or from medium to high has relatively little effect upon 
the organization of the optimum plan, -hut the effects of 
efficiency.level changes upon labor-management income are 
significant. Reducing the farmer's efficiency level from 
medium to low causes reductions in the maximum labor-
management incomes ranging from $2,190 to $2,659 on the six 
farms and produces negative labor-management incomes on the 
hilly and-average farms. If the estimated adjusted annual 
salary for an unskilled Iowa factory worker is considered 
as a competitive labor-management resource return, then the 
programming results suggest that a farmer with low. effi­
ciency can not earn competitive labor-management returns on 
any of the six farms. Increasing the farmer's efficiency 
from medium to high produces increases in the maximum labor-
* 
management incomes ranging from $2,267 to $2,695 on the six 
farms. Thus, the. programming results indicate that a highly 
efficient farmer can generally achieve a competitive labor-
management resource return if the adjusted salary of a 
skilled Iowa factory worker represents competitive labor-
management resource returns. 
Changes in the farmer's efficiency level also cause 
changes in the net income associated with each optimum farm 
plan. A low efficiency farmer owning all his resources can 
attain maximum net farm incomes ranging from $2,629 to 
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$4,086 on the six farms, but he can achieve a net farm in­
come of $3,751 on only one farm. A highly efficient farmer 
owning all his resources can attain net farm incomes ranging 
•from $7,339 to $9,851 on the six farms. Thus, a highly 
efficient farmer's maximum labor-management income is greater 
than $3,751 except on the Shelby-Grundy-Haig hilly farm. 
Ten and 20 per cent reductions in the corn price level 
have relatively little effect upon the organization of -the-
optimum plans for the Shelby-Grundy-Haig farms, but these 
price level reductions cause sharp declines in both labor-
management and net farm income. A 10 per cent decline in 
the product price level reduces the.maximum labor-management 
income on the three farms from 44 to 174 per cent with 
medium efficiency, and a 20 per cent reduction in the prod­
uct price level causes declines in the maximum labor-
management income on the three farms ranging from 88 to 340 
per cent with medium efficiency. With a $0.90 corn price 
level, a medium efficiency farmer can achieve a labor-
management resource return equal to or less than the ad­
justed salary of an unskilled Iowa factory worker, but with 
an $0.80 corn price level the farmer's labor-management 
resource returns fall far below the adjusted salary of an . 
unskilled Iowa factory worker. The increase in income 
associated with an improvement in the farmer's efficiency 
more than offsets the income depressing effect of a 10 per 
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cent decline in the product price level. 
• The constraints upon operator-family labor during the 
March-April and May-June periods limit the farm's size and 
help to determine its organization in each situation con­
sidered. Labor hiring during these two periods produces 
increases in the maximum labpr-management incomes ranging. 1 
from $331 to $662 on the three Shelby-Grundy-Haig farms when 
a medium efficiency level is assumed. The organization of 
each optimum plan is relatively stable when labor hiring is 
considered because the initial and primary impact of labor 
hiring is an expansion of the existing plans. Most of the 
increase in income is achieved through an expansion of the 
existing plans, and little increase in income is associated 
with changes in the organization, of the optimum plans. The 
programming results also indicate that some increases in 
income can be attained by expanding the first optimum plan 
on each farm through increased farm family work effort or 
increased efficiency. 
The first optimum plan for each farm is the most effi­
cient, i.e., produces an additional dollar of labor-
management income with fewer dollars of added total variable 
costs than does any subsequent plan. Except on the hilly 
farm, the first plan for each farm is relatively stable when 
the opportunity to buy feed grain is considered. Feed grain 
buying changes the maximum income plan for each farm from an 
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Intensive or land using plan to an intensive farm plan which 
resembles a feed lot hôg operation. Labor-management income 
can be increased through feed grain buying and intensive hog 
production because the farm family utilizes more of its 
annual stock of labor. Hence, the maximum labor-management 
income on each farm is considerably greater than the ad­
justed annual salary of a skilled Iowa factory worker. In­
ternal diseconomies may cause the intensive hog producing 
farm plans to be impractical for individual farmers, and the 
aggregate effects of increased hog production may make the 
adoption of intensive plans impractical for a large propor­
tion of farmers within the study area. 
Using optimum plans for three specific firm goals, 
estimates of an agricultural structure consistent with pro­
gramming results were developed and compared with the agri­
cultural structure of the study area in 1959. A reorgani­
zation of the study area consistent with the programming re­
sults increases the average total input and total output per 
farm and causes reductions in the number of farms in the 
area ranging from 29 to 55 per cent. The reorganization 
within the area also increases aggregate grain and livestock 
production and reduces aggregate forage production. Although 
the average acreage per farm in the study area has grown 
steadily during the last 20 years, a relatively long time 
period is required to attain the number of farms and an 
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average.farm size consistent with the programming results. 
From 48 to .68 years are required to achieve the projected 
area structure if historic rates of growth in acreage per 
farm and a reorganization of the remaining farms according 
to the optimum farm plans are assumed. An annual growth 
rate in acreage per farm substantially larger than achieved 
during the past two decades is necessary to attain an agri-. 
cultural structure consistent with the programming results 
in a relatively short time period. 
Examination of the age distribution for farmers within 
the study area suggests that a more rapid rate of farm re­
organization and growth can be achieved. Retirement of farm 
operators over 65 years of age, retirement of farm operators 
reaching 65 years of age, death of farm operators under 65 
years of age, zero emigration of farm operators, limited 
entry into farming and reorganization of the remaining farms 
produce an area structure consistent with the programming 
results in 20 years or less. To attain the projected area 
structure more rapidly requires emigration of farm operators ' 
under 65 years of age. Economic forces operating through 
time change the farm plans which are optimum and the area 
structure consistent with these optimum plans. Thus, the 
gap between the actual and projected agricultural structure 
within the study area may continue even though the agricul­
tural structure changes rapidly. 
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Limitations of the Study and Suggestions 
for Further Study 
Changes in the sequence of field operations, combina­
tions of crops and rates of fertilization and seeding may 
reduce untimely crop yield losses and, thereby, affect the " 
estimates of the relationship between crop production costs 
and farm acreage. The budgeting analysis in this study 
should be extended to provide estimates of the effects upon 
crop production costs of changes in (a) the sequence of 
field operation, (b) the combination of crops and (c) rates 
of fertilization and seeding. The effects upon crop produc­
tion costs of weather variability between years and of 
waiting time for custom machinery operations should also be 
considered. 
Changes in relative product prices, relative factor 
prices, constraints and input-output coefficients may affect 
the programming results. The programming analysis should 
be extended to determine the stability of the programming 
results when relative prices and the input-output coeffi­
cients are varied. To provide estimates of the effects of 
changes in relative product and factor prices (particularly 
livestock prices and land rents) modifications must be made 
in existing variable price programming techniques. Computer 
programs for parametric programming must also be constructed 
before the effects of variations in input-output coefficients 
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can be investigated. 
The projected agricultural structure for the study area 
suggests a considerable decline in farm numbers and a sub­
stantial increase in acreage per farm. Large changes in 
farm numbers and size within a relatively short time period 
may cause land prices and rents within the study area to in­
crease. Changes in relative factor prices affect not only 
the optimum plans for individual farms but also the agricul­
tural structure derived from these plans. Hence, the pre­
sent analysis should be extended to determine the effects 
of aggregate adjustments within an area upon individual 
farm adjustments. The programming model should be modified 
to simultaneously determine optimum farm plans and an agri­
cultural structure which are mutually consistent. The pro­
gramming model should also be expanded to provide estimates 
of attainable rates of transformation from existing farm 
plans to the plans obtained by programming. 
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APPENDIX A: SELECTION OF SOIL MIXTURES AND 
DERIVATION OF LAND RESTRICTIONS 
This study is limited to the two major soil associa­
tions areas In South Central Iowa, the Shelby-Grundy-Haig 
and Shelby-Seymour-Ed'ina areas. Within each soil associa­
tion area there are an infinite number of soil mixtures. 
Each soil mixture produces a unique set of land restrictions 
to be used in the budgeting and programming models. Since 
only a limited number of soil mixtures can be considered in 
this study the specific soil mixtures chosen must be se­
lected so that the budgeting and programming results apply 
to as wide a range of soil mixtures as possible. 
The only available source of detailed information about 
soil mixtures in the study area is the sample soil survey 
conducted by the Soil Conservation Service and the Iowa 
Agricultural Experiment Station to inventory soil conserva­
tion needs (90).' The sampling scheme for the soil survey 
was to select three quarter sections at random in each 
township. The sections selected were surveyed and mapped. 
Reports from this survey classify the land within each 
quarter section selected by 1. soil type, 2. per cent slope, 
3. erosion class and 4. present land use. To each plot of 
land delineated"by these four attributes, a land-capability 
class is assigned. 
Certain soil mixtures are likely to occur more fre­
46? 
quently than others within a soil association area. There­
fore, a frequency distribution of soil, mixtures in each soil 
association area is needed to aid in. the selection of appro­
priate specific soil- mixtures. Before a frequency distribu­
tion of soil mixtures can be estimated, one must choose a 
single measure or attribute of soil mixtures by which these 
soil mixtures can be ranked or classified. This measure or 
attribute must consider the effects of soil type, per cent 
slope, erosion class, shape, size and location of a given 
plot of land upon its use and productivity. 
Since a land-capability class is assigned to each plot 
of land within a* quarter section, a weighted mean land-
capability class could be derived for each quarter section. 
Land-capability classes suggest conservation and land use 
practices which avoid excessive soil losses, provide flood 
protection and improve drainage (52). Land-capability 
classes do not consider the effect of size, shape, location 
and present use of a plot of land upon its optimum use and 
its productivity. Hence a land-capability class.of one or 
two can be assigned to a plot of woodland. Such a plot of 
woodland may be suited to corn production when it is 
cleared. However, forest clearing operations are not con­
sidered in this study, and all such plots of land are con­
sidered as permanent forest or woodland. Finally, land-
capability classes do not reflect crop yield differences 
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among plots of land. 
The single measure or attribute for a soil mixture used 
in this study is annual corn production per acre. Annual 
corn production per acre for each_plot of land is the prod-
uct of two factors : 
1. The estimated frequency in time with which a plot 
of land can be used for corn, i.e., the number of years out 
of five that.a plot is used for corn. 
2. The estimated yield of corn when the plot of land 
is used for corn. Annual corn production per acre reflects 
the influence of all four factors used in the soil survey to 
classify land. Present land use is considered because only 
the cleared land falling in land-capability classes I, II, 
III and IV is classified as suitable for corn production. 
The per cent slope and degree of erosion certainly affect 
the frequency with which a plot of land can be used for 
corn. Finally, the estimated corn yield for a given plot of 
land is influenced by its soil type and degree of erosion. 
The effects of size, shape and location of a plot of land 
upon its use and productivity are not reflected in its 
annual corn production per acre, but the effects of these 
factors are considered in the derivation of the land 
"'"Frank Reicken, Ames, Iowa. Estimated corn yields and 
corn crop frequency for selected soil types in South Central 
Iowa. Private communication. 1959. 
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restrictions. 
Given a single soil mixture measure for each quarter 
section, the next task is 1. to select class limits and 2. 
to establish the frequency distribution of the soil mixtures 
for the quarter sections surveyed in each soil association 
area. The class limits and the frequency distribution are 
presented in Tables 102 and 103. These two frequency dis­
tributions illustrate the variation in land mixtures within 
each soil association area. 
Three spécifia» quarter sections are selected for each 
soil association area. Although the frequency distribution 
tables have 11 classes, only three classes are considered in 
the selection of the specific quarter sections. They are: 
1 . 0 -  1 4 . 9  
2. 15.0 - 29.9 
3. 30.0 and over 
A judgment selection of one quarter section from each class 
is made. Eleven classes are used in the frequency distribu­
tion tables to illustrate more vividly the variation in the 
sample soil mixtures. 
The following three quarter sections are selected for 
the Shelby-Grundy-Haig soil association area: = 
1. The northwest quarter section of section 2 in 
township 72 north and range 26 west of Clarke 
County. 
470 
Table 102. Estimated annual corn production per acre for 
quarter sections surveyed in the Shelby-Grundy-
Haig soil association area of Clarke, Ringgold 
and Union counties3-
Soil mixture and 
estimated annual 
corn production 
peç acre 
Number 
of 
quarter 
sections 
Per cent -
of total 
number of 
quarter sections 
Hilly 
0 - 4.9 
5.0 -  9.9 
10.0 - 14.9 
Average 
.15.0 - 19.9 
20.0 - 24.9 
25.0 - 29.9 
Upland 
30.0 - 34.9 
35.0 -  39:9 
40.0 - 44.9 
45.0 - 49.9 
50.0 -  54.9 
28 30.11 
56 
5 
8 
15 
14 
29 
13 
4 
4 
0 
1 
o 
60.21 
9.68 
Total 93 100.0 
^Estimated mean annual corn production per acre for the 
93 quarter sections equals 19.9 bushels. 
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Table 103. Estimated annual corn production per acre for 
quarter sections surveyed in the Shelby-Seymour-
Edina soil association area of Appanoose, Davis 
and Wayne counties3 
Soil mixture and Number Per cent 
estimated annual. of of total 
corn production quarter number of 
per acre sections quarter sections 
Hilly 44 40.37 
0 
- 4.9 8 
5.0 -  9.9 16 • 
10.0 -  14.9 20 : 
Average 52 47.70 
15.0 -  19.9 21 
0
 
0
 
OJ 
-  24.9 21 
25.0 -  29.9 10 
Upland 13 11.93 
30.0 - 34.9 6 
35.0 -  39.9 2 
40.0 -  44.9 2 
45.0 -  49.9 1 
50.0 -  54.9 2 . ' 
Total 109 100 ."0 
^Estimated mean annual corn production per acre for the 
109 quarter sections equals 18.5 bushels. 
472 
• 2. The southwest quarter section of section 23 in 
township 70 north and .range 30 west of Ringgold 
County. 
3. The southwest quarter section of section 13 in 
township 71 north and range 24 west of Clarke 
County. 
The soil survey summaries for the quarter sections selected 
are presented, in Tables 104, 105 and 106. In future dis­
cussions these three quarter sections are referred to as the 
hilly, average and upland quarter sections, mixtures or 
farms, respectively. The topographical characteristics of 
each of these soil mixtures are described in Chapter 2. 
The following three quarter sections are selected for 
the Shelby-Seymour-Edina soil association area: 
1. The southeast quarter section of section 21 in town­
ship 6.7 north and range 21 west of Wayne County. 
2. .The northeast quarter section of section 4 in town­
ship 68 north and range 23 west of Wayne County. 
3. The northeast quarter section of section 8 in town­
ship 67 north and range 12 west of Davis County. 
The soil survey summaries for these quarter sections selected 
are presented in Tables 107, 108. and 109. In future discus­
sions these quarter sections are also referred to as the 
hilly, average and upland quarter sections, mixtures or 
farms, respectively. The topographical characteristics of 
473 
Table 104. Soil survey summary for the northwest quarter 
section of section 2 in township 72 north and 
range 26 west of Clarke County3-
Land-
Soil Soil Per Present capa-
series type . cent Erosion land bilit; 
name number slope class Acres useb class 
Judson-Wabash 11 3 0 , 18.2 P 5 
Judson-Waba sh 116 3 0 8.3 F 5 
Shelby 24 16 2 8.8 L 6 • 
Shelby 24 16 2 0.5 P 6 
Lindley 65 10 2 8.6 L 4 
Lindley 65 10 2 1.0 P 4 
Lindley 65 10 3 0.6 L 6 
Lindley 65 10 3 2.7 P 6 
Lindley 65 12 2 2.8 L 4 
Lindley 65 14 3 7.2 P 7 
Lindley 65 15 2 7.3 P 6 
Lindley 65 15 2 0.3 L 6 
Lindley 65 16 3 2.1 L 7 
Lindley 65 17 3 0.6 P 7 
Lindley 65 17 • 3 3.4 X 7 
Lindley 65 20 1 21.8 F 7 
Lindley 65 • 20 ' 1 • 0.3 P 7 
Lindley 65 20 2 8.6 P 7 
Lindley 65 20 3 3.1 P' 7 
Gravity 103 3 + 2.3 P 2 
aFrom (90). 
kp represents pasture; F represents forest; L represents 
cropland; X represents idleland. 
4?4 
Table 104. (Continued) 
Land-
Soil Soil Per Present capa-
series type cent Erosion ' land bility 
name number slope class Acres useb class 
Pershing 131 3 1 10.8 L 2 
Pershing 131 3 1 0.5 P 2 
Pershing 131 6 2 8.4 L 3 
Pershing 131 6 2 , 0.5 P 3 
Pershing 131 7 2 4.1 L 3 
Weller 132 4 ' ' 2 7.7 ' P 3 
Weller 132 6 2 3.2 P 3 
Weller 132 7 2 ' 1.9 L 3 
Weller 132 7 3 6.2 P 4 
Weller 132 7 ' 4 2.8 P 6 
Adair 192 8 2 1.1 P 3 
Adair 192 8 3 2.1 P 4 
Adair 192 10 1 1.0 F 4 
Adair 192 10 2 5.5 P 4 
Adair 192 10 2 3.1 L 4 
Adair 192 10 3 1.2 L 4 
Adair 192 10 3 2.2 P 4 
Adair 192 11 2 . 1.9 L 4 
Gullies 500 ' 3.5 
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Table 105. Soil survey summary for the southwest quarter 
section of section 23 in township 70 north and • 
range 30'west of Ringgold County^ 
Soil 
series 
. name 
Soil 
type 
number 
Per 
cent 
slope 
Erosion 
class Acres 
Present 
land 
use*3 
Land-
capa-
bility 
class 
Judson-Wabash 11 3 0 1.2 . L 2 
Judson-Wabash 11 c 3 0 5.8 L 5 
Judson-Wabash 11 c 3 0 4.4 P • 5 
Shelby 24 11 2 2.3 L 3 
Shelby 24 15 2 8.6 P 4 
•Shelby 24 15 2 1.0 H 4 
. Shelbyr-Adair 93 11 2 33.7 L 4 
"Shelby-Aiiair 93 11 2 9.8 P 4 
Shelby-Adair 93 11 3 7.6 L 4 
Shelby-Adair 93 11 3 0.2 P 4 
Adair ~ 192 7 2 1.1 . L 3 
Adair 192 7 2 1.2 P 3 
Clarinda 222 7 2 2.0 L 3 
Grundy 364 3 1 19.7 L 2 
Grundy ' 364 3 1 4.2 P 2 
Grundy 364 • 3 1 1.0 H 2 
Grundy 364 7 1 0.8 L 3 
Grundy 364 7 2 32.9 L 3 
Grundy 364 7 2 8.4 P 3 
Grundy 364 7 2 1.5 H 3 
Adair, 
thin solum 593 7 2 5.2 L 3 
Adair, 
thin solum 593 7 2 3.4 L 4 
Roads 602 4.0 
aFrom (90). 
kp represents pasture; L represents cropland; and H rep­
resents homestead. 
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Table 106. Soil survey summary for the southwest quarter 
section of section 13 in township 71 north and 
range 24 west of Clarke County3-
Soil 
series 
name 
Soil Per 
type cent Erosion 
number slope class Acres 
Land-
Present capa-
land bilityx 
useb class 
Judson-Wabash 11 3 0 3,7 L 2 
Shelby-Adair 93 11 2 12.2 L 4 
Shelby-Adair 93 11 • 3 1.8 L 4 
Adair 192 7 2 3.3 L 3 
Adair 192 7 3 6.7 L 4 
Adair 192 8 2 12.4 L . 3 
Haig 362 1 1 36.8 L 1 
Grundy 364 . 3 1 43.3 L 2 
Grundy 364 6 2 38.8 L 3 
Road 602 1.0 
aProm (90). 
^L represents cropland. 
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Table 107. Soil survey summary for the southeast quarter 
section of section 21 in township 6J north and 
range 21 west of Wayne County3-
Soil 
series' 
name 
Soil 
type 
number 
Per 
cent 
slope 
Erosion 
class Acres 
Present 
land 
use*3 
• Land-
capa-
bility 
class 
Judson-Wabash • -11 3 0 6.3 F ' 2 
Judson-Wabash 11 3 • 0 19.3 ,L - 2 
Shelby-Adair 93 10 2 18.8 L • 4 
Shelby-Adair 93 10 2 2.0 H 4 
Shelby-Adair 93 10 2 1.5 F • 4 • 
Shelby-Adair 93 14 2 45.1 L 6 
Shelby-Adair 93 14 2 21.2 P 6 
Shelby-Adair 93 14 2 11.4 F 6 
Seymour 312 5 1 15.5 L 3 
Seymour 312 5 1 5.1 H 3 
Seymour 312 5 1 6.4 P 3 • 
Seymour 312 6 1 3.4 L 3 
Roads 602 4.0 
aFrom (90). 
kp represents pasture; F represents forest; L represents 
cropland; and H represents homestead. 
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Table 108. Soil survey summary for the northeast quarter 
section of section 4 in township 68 north and 
range 23 west of Wayne County3 
Land-
Soil Soil Per Present capa--: 
series type cent Erosion land bility 
name number slope class Acres useb class 
Judson-Wabash 11 3 1 5.0 L . 2 
Shelby-Adair 93 7 1 3.1 L 3 
Shelby-Adair 93 ' 8 1 2.5 P 3 
Shelby-Adair . 93 8 1 11.3 L 3 
Shelby-Adair 93 8 2 ' 8.1 L 3 
Shelby-Adair 93 8 2 3.2 P 3 
Shelby-Adair 93 9 1 4.1 P 3 
Shelby-Adair 93 9 2 5.2 L 4 
Shelby-Adair 93 10 2 2.8 P 4 
Shelby-Adair 93 10 2 8.9 L 4 
Shelby-Adair 93 11 2 5.8 P 4 
Shelby-Adair 93 11 2 1.0 L 4 
Shelby-Adair 93 13 3 8.1 . L 4 
Shelby-Adair 93 13 3 0.2 P 4. 
Shelby-Adair 93 14 1 8.2 P 6 
Shelby-Adair 93 - - 14 2 • 7.8 L 6 
Edina 211 1 1 6.4 L 2 
Seymour 312 3 1 2.1 H 2 
Seymour 312 ' 3 1 18.3 ' L 2 
Seymour 312 6 1 14.4 L 3 
Seymour 312 6 2 2.1 P 3 
Seymour 312 6 2 27.4 L 3 
Roads 602 4.0 
aFrom (90). 
bP represents pasture; L represents cropland; and H rep­
resents homestead. 
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Table 109. Soil survey summary for the northeast quarter 
section of section 8 in township 67 north and 
range 12 west of Davis County3-
Soil 
series 
name 
Soil 
type 
number 
Per 
cent 
slope 
Erosion 
class Acres 
Present 
land 
use" 
,Land-
capa­
bility 
class 
Adair 192 7 2 6.8 L - 3 
Edina 211 1. - 1 52.7. L ' _ 2 
Edina 211 1 1 1.5 P 2 
Edina 211 1 1 2.9 H 2 
Clarinda 222 7 1 0.6 L 3 
Clarinda 222 7 1 10.5 P 3 
Clarinda 222 . 7 2 0.8 L 3 
Clarinda 222 7 2 4.9 P 3 
Clarinda 222 11 1 10.6 P 4 
Seymour 312 4 1 37.7 L 2 
Seymour 312 4 1 7.8 P 2 
Seymour 312 4 1 0.9 H 2 
Seymour 312 7 2 18.3 P 3 
Roads 602 4.0 
aFrom (90)'. 
b P represents pasture; L represents cropland; and H rep­
resents homestead. 
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these three quarter sections are similar to the three quarter 
sections chosen for the Shelby-Grundy-Haig soil association 
area. 
Having selected the specific soil mixtures or quarter 
sections, the final step is the derivation of land restric­
tions and the specification of crop rotations. The multi­
plicity, size, shape and location of the soil survey mapping 
units prohibit considering them as fields or operational 
units. Consequently, these mapping units are aggregated 
into the following general units, areas or fields: 
1. Cropland 
2. Permanent pasture 
3. Forest land 
4. Gullied land 
All forest land is assumed to continue in that use. The 
classification of land as cropland or permanent pasture is 
a judgment classification. In general, larid with a slope 
gradient less than 14 per cent is classed as cropland, and 
land with a slope gradient greater than 14 per cent is 
classed as permanent pasture. Crop yields, shape, size and 
location of each plot of land are also considered in the 
classification process. The six reorganized quarter sec­
tions are presented in Tables 110 through 115. Approxi­
mately 3.15 per cent of each quarter section is assumed to 
be waste land (homestead, roads, etc.). 
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Table 110. Description of the reorganized hilly quarter 
section in the Shelby-Grundy-Haig soil 
association area 
New areas and 
proposed 
land use 
Soil components 
of 
new areas Acres 
Per. cent Maximum 
of intensity 
total rotation 
Cropland 
Pasture 
Timber 
Gully 
Waste 
59.0 
65-10-2 9.6 
65-10-3 3.3 
65-12-2 1.9 
131- 3-1 11.3 
131- 6-2 8.9 
131- 7-2 4.1 
132- 4-2 7.7 
132- 6-2 3.2 
132- 7-2 2.8 
132- 7-3 6.2 
82.3 
lie- 3-0 18.2 
24-16-2 9.3 
65-14-3 7.2 
65-15-2 7.6 
65-16-3 2.1 
65-17-3 4.0 
65-20-2 8.6 
65-20-3 3.1 
103- 3-+ 2.3 
132- 7-4 2.8 
192- 8-2 1.1 
192- 8-3 2.1 
192-10-2 8.6 
192-10-3 3.4 
192-II-2 1.9 
31.4 
11- 3-0 8.3 
65-20-1 22.1 
192-10-1 1.0 
3.5 
32.42 CCOMM 
45.23 
17.26 
1.94 
3.15 
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Table 111. * Description of reorganized average quarter 
section in the Shelby-Grundy-Haig soil 
association area 
New areas and Soil components Per cent Maximum 
proposed of of intensity 
land use new areas Acres total rotation 
Cropland 95.1 
A 11c- 3-0 0.4 
24-11-2 2.3 
93-11-2 0.9 
222- 7-2 2.0 
364- 3-1 24.9 
364- 7-2 31.6 
593- 7-2 2.7 
B 93-H-2 20.0 
364- 7-1 0.8 
364- 7-2 8.0 
593- 7-2 1.5 
Pasture 60.9 
11- 3-0 10.7 
24-15-2 9.6 
93-H-2 23.9 
93-11-3 9.0 
192- 7-2 2.3 
364- 7-2 1.4 
593- 7-2 4.0 
59.04 
CCOM 
CCOMM 
37.81 
Waste 3.15 
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Table 112. Description of the reorganized upland quarter 
section in the Shelby-Grundy-Haig soil 
association area 
New areas and Soil components Per cent Maximum 
proposed of of intensity 
land use new areas Acres total rotation 
Cropland 122.0 74.31 CCSb .  
192- 7-3 3.1 
362- 1-1 36.8 
364- 3-1 43.3 
364- 6-2 38.8 
37.0 
11- 3-0 3.7 
93-11-2 12.2 
93-11-3 1.8 
192- 7-2 3.3 
192- 7-3 3.6 
192- 8-2 12.4 
Pasture 22.54 
Waste 3.15 
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Table 113. Description of the reorganized hilly quarter 
section in the Shelby-Seymour-Edina soil 
association area 
New areas- and Soil components Per cent Maximum 
proposed of of intensity 
land use new areas Acres total rotation 
Cropland 
A 
B 
Pasture 
11- 3-0 
93-10-2 
312- 5-1 
11- 3-0 
93-10-2 
93-14-2 
312- 5-1 
312- 6-1 
53.6 
i6.o 
17.0 
20.6 
81.7-
1 .8  
66.3 
6.4 
3.4 
33.28 
CCSb 
CC0MM 
50.72 
Timber 
11- 3-0 
93-10-2 
93-14-2 
19.2 
6.3 
ii:54 
11.92 
Gullies 
Waste 
11- 3-0 
1.5 
1.5 
.93 
3.15 
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Table 114. Description of the reorganized average quarter 
section in the Shelby-Seymour-Edina soil 
association area 
New areas and Soil components Per cent Maximum 
proposed of of intensity 
land use new areas . Acres total rotation 
Cropland 69.3 43.02 CCSb 
Pasture 86.7 53.83 
93- 7-1 3.1 
211- 1-1 6.4 
312- 3-1 20.4 
312- 6-1 14.4 
312- 6-2 25.0 
11- 3-1 5.0 
93- 8-1 13.8 
93- 8-2 11.3 
93- 9-1 4.1 
93- 9-2 5.2 
93-10-2 11.7 
93-11-2 6.8 
93-13-3 8.3 
93-14-1 • 8.2 
93-14-2 7.8 
312- 6-2 4.5 
Waste 3.15 
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Table 115. Description of the reorganized upland quarter 
section in the Shelby-Seymour-Edina soil 
association area 
New areas and Soil components Per cent Maximum 
proposed of of intensity 
land use new areas Acres total rotation 
Cropland* 121.8 75.62 
A 211- 1-1 . 57.1 CCSb 
312- 4-1 46.4 
312- 7-2 ' 5.0 
B 312- 7-2 13.3 CCOM 
Pasture 34.2 21.23 
• 192- 7-2 6.8 
222- 7-1 11.1 
222- 7-2 5.7 
222-11-1 10.6 
Waste 3.15 
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Six alternative rotations are considered in this study. 
They are: 
1. Corn-corn-soybeans or CCSb 
2. Corn-soybeans-corn-oats-meadow or CSbCOM ' 
3. Corn-corn-oats-meadow or CCOM . 
4. Corn-corn-oats-meadow-meadow.or CCOMM 
5. Corn-oats-meadow or COM 
6. Çorn-oats-meadow-meadow or COMM 
The rotation listed beside each cropland area in Tables 110 
through 115 is the maximum intensity rotation which can be 
applied to that cropland area and restrict soil losses to 
approximately 4 tons or less per acre. Intensity is defined 
here as the proportion of row crops in the rotation. In 
Table 112 the rotation CCSb is listed as the maximum inten­
sity rotation. Hence, all the other rotations considered in 
the study (rotations of lower intensity) are feasible alter­
natives for this cropland area. In Table 110 the rotation 
CCOMM is listed as the maximum intensity crop rotation. 
Hence, the CCSb, CSbCOM and CCOM rotations are not feasible 
alternatives for the cropland area on the Shelby-Grundy-Haig 
hilly farm. The yields and fertilizer requirements for the 
cropland areas on each farm are presented in Appendix B. 
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APPENDIX B: BASIC BUDGETING DATA 
Table 116. Estimated average number of hours per week 
available for field work by weeks in South-
Central Iowaa 
Meek Hours 
March "1-7 
8-14 4 
15-21 12.4 
22-28 28.1 
29-April 4 40.2 
April 5-11 46.3 
12-18 46.3 
19-25 51.1 
26-May 2 44.7 
May 3-9 43.1 
10-16 50.3 
17-23 45.3 
24-30 49.7 
31-June 6 44.5 
June 7-13 46.3 
14-20 46.3 
21-27 48.2 
28-July 4 52.1 
July 5-11 55.5 
12-18 53.4 
19-25 5.4.2. 
26-August 1 52.1 
August 2-8 49.4 
9-15 52.6 
16-22 55.3 
23-29 52.4 
30-September 5 52.2 
aBasic data obtained from McKee (48) and adjusted on 
the basis of climatologie data (64). 
Table 116.. (Continued). 
Week Hours 
September 6-12 , 55.0 
13-19 56.3 
20-26 53.1 
27-0ctober 3 53.1 
October 4-10 52.2 
11-17 . 54.7 
18-24 54.4 
25-31 56.9 
November 1-7 56.9 
8-14 54.7 
15-21 54.7 
22-28 48.8 
29-December 5 30.9 
December 6-12 25.0 
13-19 H.8 
20-26 2.4 
Annual total 1896.9 
490 
Table 117• Purchase price of the machines included in the 
2-plow machinery combination9-
Machines Purchase price 
Tractor, 2-plow $ 2,695 ' 
Fertilizer spreader, 12' 380 
Plow, 2-14" 267 
Tandem disc, 7' 298 
Harrow, 201 188 
Endgate seeder 99 
Planter, 2-row 4oo 
Rotary how, 2-row 216 
Cultivator, 2-row 273 
Combine, 6' motor driven 2,283 
Corn picker, 1-row mounted .1,253 
Mower, 7f 371 
Side delivery rake, 7' 440 
Baler, motor driven 2,058 
Wagon 568 
Elevator, 40' 1,053 
Total purchase cost $12,842 
aBased on (43, 51). 
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Table 118. Purchase price of the machines included in the 
3-plow machinery combination3-
Machines Purchase price 
Tractor, 3-plow $ 3,425 
Fertilizer spreader, 12' 380 
Plow, 3-14" ' 434 
Tandem disc, 101 410 
Harrow, 251 237 
Endgate seeder 99 
Planter, 4-row 759 
Rotary how, 4-row 433 
Cultivator, 4-row 626 
Combine, 7» P .  T. 0. 2,109 
Corn picker, 2-row mounted 2,208 
Mower, 7' ' - 371 
Side delivery rake, 7' 440 
Baler, P. T. 0. 1,770 
Wagon 568 
Elevator, 40 1,053 
Total purchase cost $15,322 
aBased on (43, 51). 
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Table 119. Purchase price of the machines included in the 
2-plow, 2-plow machinery combination3-
Machines Purchase price 
Tractor, 2-plow $ 2,695 
Tractor, 2-plow 2,695 
Fertilizer spreader, 12' 380 
Plow, 2-14" 267 
Plow, 2-14" 267 
Tandem disc, 7' 298 
Tandem, disc, 7' 298 
Harrow, 20' 188 
Endgate seeder 99 
Planter, 2-row 400 
Rotary hoe, 2-row 216 
Rotary hoe, 2-row 216 
Cultivator, 2-row 273 
Cultivator, 2-row 273 
Combine, 61 motor driven 2,283 
Corn picker, 1-row mounted 1,253 
Mower, 7' ' 371 
Side delivery rake, 71 440 
Baler, motor driven 2,058 
Wagon 568 
Wagon 568 
Elevator, 4O' 1,053 
Total purchase cost $17,159 
aBased on (43, 51). 
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Table 120. Purchase price of the machines included in the 
2-plow, 3-plow machinery combination3-
Machines Purchase price 
Tractor, 3-plow $ 3,425 
Tractor, 2-plow 2,695 
Fertilizer spreader, 12' 380 
-Plow, 3-14" 434 
Plow, 2-14" 267 
Tandem disc, 10' 410 
Tandem disc, 7' 298 
Harrow, 25' 237 
Endgate seeder 99 
Planter, 4-row 759 
Rotary hoe, 4-row 433 
Cultivator, 4-row 626 
Cultivator, 2-row 273 
Combine, 7« P. T. 0. 2,109 
Corn picker, 2-row mounted 2,208 
Mower, 7' 371 
Side delivery rake, 71 440 
Baler, P. T. 0. 1,770 
Wagon 568 
Wagon 568 
Elevator, 40' 1,053 
Total purchase cost $19,639 
aBased on (43, 51). 
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Table 121. Purchase price of the machines included in the 
3-plow, 3-plow machinery combination3-
Machines Purchase price 
Tractor, 3-plow $ 3,425 
Tractor, 3-plow 3,425 
Fertilizer spreader, 12' 380 
Plow, 3-14" 434 
Plow, 3-14" 434 
Tandem disc, 10' 410 
Tandem disc, 10' 410 
Harrow, 25' 237 
Endgate seeder 99 
Planter, 4-row 759 
Rotary hoe, 4-row 433 
Rotary hoe, 4-row 433 
Cultivator, 4-row 626 
Cultivator, 4-row 626 
Combine, 7' P. T. 0. 2,109 
Corn picker, 2-row mounted 2,208 
Mower, 7' 371 
Side delivery rake, 7' 440 
Baler, P. T. 0. 1,770 
Wagon 568 
Wagon 568 
Elevator 1,053 
Total purchase cost $21,218 
aBased on (43, 51). 
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Table 122. Two-plow machinery combination: estimated 
average machinery and labor requirements of 
selected field operations for corn following 
either meadow or soybeans3-
' Effective Fuel 
Field capacity Gal. Cost per 
Speed efficiency Hrs. per per acre 
Operation m.p.h. (per,cent) acre acre (dollars) 
Spread 
fertilizer 4.0 70 .24 .21 .048 
Plow 3.0 75 1.56 2.51 .577 
Disk 3.0 75 .53 1.07 .246 
Harrow 4.0 75 .14 .25 .058 
Plant 4.5 65 
OJ 
.57 .131 
Harrow 4.0 75 .14 .27 .062 
Hoe 7.0 65 
D*— CXI 
.41 .094 
First 
cultivation 3.0 85 .48 .71 .163 
Second 
cultivation 4.5 80 .34 .56 .129 
Pick 3.0 . 65 1.25 1.20 .276 
Haul - - 1.25 2.50 .575 
^Estimated from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in corn production. Private communication. 
1959. 
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Table 123. Two-plow machinery combination: estimated 
average machinery and labor requirements of 
selected field operations for corn following 
corna 
Effective Fuel 
Field capacity Gal. Cost per 
Speed efficiency Hrs. per per acre 
Operation m.p.h. (per cent) acre acre (dollars) 
Spread 
fertilizer 4.0 70 .24 .21 .048 
Disk 3.0 75 .53 1.07 .246 
Plow 3.0 75 1.56 2.51 .577 
Disk 3.0 75 .53 1.07 ro
 
£
 
Disk 3.0 75 .53 1.07 
S
 C
Vl 
Harrow 4.0 75 .14 .25 .058 
Plant 4.5 65 .42 .57 .131 
Harrow 4.0 75 .14 .27 .062 
Hoe 7.0 65 .27 .41 .094 
First 
cultivation 3.0 85 .48 .71 .163 
Second 
cultivation 4.5 80 .34 • 56 .129 
Pick 3.0 65 1.25 1.20 .276 
Haul — - 1.25 2.50 .575 
^Estimated from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in corn production. Private communication. 
1959. 
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Table 124. Two-plow machinery combination: estimated 
average machinery and labor requirements of 
selected field operations for soybeans 
following corna 
Effective Fuel 
Field capacity Gal. Cost per 
Speed efficiency Hrs. per per acre 
Operation m.p.h. (per cent) acre acre (dollars) 
Spread 
fertilizer 4.0 70 .24 .21 .048 
Disk 3 .0  75 .53 1.07 
$ O
J 
Plow 3.0 75 1.56 2.51 .577 
Disk 3.0 75 .53 1.07 .246 
Disk 3.0 75 .53 1.07 
£
 O
J 
Harrow 4.0 75 .14 .25 0
 
Ul
 
00
 
Plant 4.5 65 O
J 
.57 .131 
Harrow 4.0 75 .14 .27 
00 m
 
0
 
First 
cultivation 3.0 85' .48 .71 .163 
Second 
cultivation 4.5 80" .34 .56 .129 
Combine 3.0 70 .71 1.79 .412 
Haul - - •71 1.12 2.58 
Estimated"from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in soybean production. Private communica­
tion. 1959. 
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Table 125. Two-plow machinery combination: estimated 
average machinery and labor requirements of 
selected field operations for oats following 
corna 
Operation 
Speed 
m.p.h. 
Field 
efficiency 
(per cent) 
Effective 
capacity 
Hrs. per 
acre 
Gal. 
per 
acre 
Fuel 
Cost per 
acre 
(dollars) 
Spread 
4.0 .24 .048 fertilizer 70 .21 
Disk 3.0 75 .53 1.07 .246 
Seed oats 4.0 65 .11 .10 .023 
Disk 3.0 75 .53 1.07 .246 
Seed legumes ' ,4.0 70 .10 . .10 .023 
Harrow 4.0 75 .14 0.25 .058 
Combine 3.0 . 70 .71 1.79 .412 
Haul - - .71 1.12 .258 
^Estimated from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in oats production. Private communication. 
1959. 
Table 126. Two-plow machinery combination: estimated aver­
age machinery and labor requirements of selected 
field operations for meadow after oatsa 
Operation 
Speed 
m.p.h. 
Field 
efficiency 
(per cent) 
Effective 
capacity 
Hrs. per 
acre 
Gal. 
per 
acre 
Fuel 
Cost per 
acre 
(dollars) 
Mow 4.0 80 .37 .54 .124 
Rake 4.0 80 .37 .54 .124 
Bale 3.0 83 .67 1.55 .357 
Haul - - .67 1.34 .308 
^Estimated .from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in meadow production. Private communica­
tion. 1959. 
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Table 127. Three-plow machinery combination: . estimated 
average machinery and labor requirements of 
selected field operations for corn following 
either meadow or soybeans3-
Effective Fuel 
Field capacity Gal. Cost per 
Speed efficiency Hrs. per per acre 
Operation m.p.h. (per cent) acre acre (dollars) 
Spread 
fertilizer 4.0 70 .24 ro
 
u>
 
.053 
Plow 3.0 75 1.05 2.38 .547 
Disk 3.0 70 .40 1.07 
$ O
J 
Harrow 4.0 70 .12 .25 o
 
VI
 
00
 
Plant 4.5 60 .23 .38 
CO o
 
Harrow 4.0 70 .12 .25 .058 
Hoe 7.0 60 .15 .29 .067 
First 
cultivation 3.0 80 .26 .46 .106 
Second 
cultivation 4.5 75 .18 .41 .94 
Pick 3.0 60 .67 .97 .223 
Haul _ - .67 1.34 w
 0
 
OO
 
^Estimated from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in corn production. Private communication. 
1959. 
500 
Table 128. Three-plow machinery combinations : estimated 
average machinery and labor requirements of 
selected field operations for corn following 
corna 
Effective Fuel 
Field capacity Gal. Cost per 
Speed efficiency Hrs. per per acre 
Operation m.p.h. (per cent J acre acre (dollars) 
Spread 
fertilizer 4.0 70 .24 .23 .053 
Disk 3.0 70 ' .40 1.07 
OJ 
Plow 3.0 75 1.05 2.38 .547 
Disk 3.0 70 .40 . 1.07 
OJ 
Disk 3.0 70 .40 1.07' 
$ O
J 
Harrow 4.0 75 .12 .25 .058 
Plant 4.5 60 .23 
00 00 c 0
0 0
 
Harrow 4.0 70 .12 .25 .058 
Hoe 7.0 60 .15 .29 .067 
First 
cultivation 3.0 80 .26 .46 .106 
Second 
cultivation 4.5 75 .18 .41 .094 
Pick 3.0 60 .67 .97 .223 
Haul - — .67 1.34 u>
 
0
 
OO
 
o 
Estimated from K. K. Barnes, Ames, Iowa. • Energy and 
fuel requirements in corn production. Private communication. 
1959. 
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Table 129. Three-plow machinery combination: estimated 
average machinery and labor requirements of 
selected field operations for soybeans 
following corna 
Effective Fuel 
Field capacity Gal. Cost per 
Speed efficiency Hrs. per per acre 
Operation m.p.h. (per cent) acre acre (dollars) 
Spread 
fertilizer 4.0 70 .24 .23 .053 
Disk ' 3-0 70 .40 1.07 
5
 
OJ 
Plow 3.0 75 1.05 2.38 .547 
Disk 3.0 70 .40 1.07 .246 
Disk 3.0 70 .4o 1.07 
$ O
J 
Harrow 4.0 70 .12 .25 S
 OO
 
Plant 4.5 60 .23 .38 .087 
Harrow 4.0- 70 .12 .25 .058 
First 
cultivation 3.0 - 80 .26 .46 .106 
Second 
cultivation 4.5 75 .18 .41 .094 
Combine 3.0 65 .59 1.55 .356 
Haul - - .59 1.12 
00 &
 
Estimated from K. K. Barnes, Ames, Iowa.. Energy and 
fuel requirements in soybean production. Private communica­
tion. 1959. 
502 
Table 130. Three-plow machinery combination: estimated 
average machinery and labor requirements of 
selected field operations for oats following 
corna 
Operation ' 
Speed 
m.p.h. 
Field 
efficiency 
(per cent) 
Effective 
capacity 
Hrs. per 
acre 
Gal. 
per 
acre 
Fuel 
Cost per 
acre 
(dollars) 
Spread 
4.0 .24 fertilizer 70 .23 .053 
Disk 3.0 70 .40 1.07 .246 
Seed oats 4.0 65 .11 .12 .028 
Disk 3.0 70 .40 1.07 .246 
Seed legumes 4.0 70 .10 .12 .028 
Harrow 4.0 70 ' .12 .25 .058 
Combine 3.0 65 .59 1.55 .356 
Haul - - .59 1.12 .258 
^Estimated from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in oats production. Private communication. 
1959. 
Table 131. Three-plow machinery combination: estimated 
average machinery and labor requirements of 
selected field operations for meadow after oats& 
Operation 
Speed 
m.p.h. 
Field 
efficiency 
(per cent) 
Effective 
capacity 
Hrs. per 
acre 
Gal. 
per 
acre 
Fuel 
Cost per 
acre 
(dollars) 
Mow 4.0 80 .37 .54 .1242 
Rake 4.0 80 .37 .54 .1242 
Bale 3.0 83 .67 1.29 .2967 
Haul - - .67 1.34 .3082 
^Estimated from K. K. Barnes, Ames, Iowa. Energy and 
fuel requirements in hay production. Private communication. 
1959. 
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^Table 132. Expected life, normal annual use, maximum units 
of service and annual normal use repair charges 
by machine3-
Expected Maximum Repair 
life Normal units of charge0 
Machine (years) use& service (per cent) 
Tractor 12 833 10,000 7.0 
Plows 
2-14" 
3-14" 
17 
17 
118 
176 
2,000 
3,000 
7.5 
7.5 
Tandem disk 
7' 
10' 
20 
20 
155 
. 210 
3,ioo 
4, 200 
3.5 
3.5 
Spiketooth harrow 
20' 
25' 
313 
392 
4,700 
5,875 
2.3 
2.3 
Corn planter 
2-row 
4-row 
12 
15 
125 
200 
1,500 
3,000 
3.0 
3.0 
Endgate seeder 12 200 2,400 4.0 
Rotary hoe 
2-row 
4-row 
20 
20 
75 
150 
1,500 
3,000 
2.4 
2.4 
Cultivator 
2-row 
4-row 
12 
12 
250 
583 
3,000 
7,000 
4.0 
4.0 
aFrom (29). 
b Normal use is in terms of service units. Service 
units are in hours for tractors and in acres for other 
machines. 
^Repair charge is calculated as a per cent of new 
value. 
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Table 132. (Continued) 
Expected Maximum Repair 
life Normal units of charge0 
Machine (years) useb service (per cent) 
Combine 
6' motor 10 
7' PTO 10 
Corn picker 
1-row, mount 12 
• 2-row, mount 12 
Hay baler 
14 x 18 motor 6 
14 x 18 PTO 6 
Wagon, 6 ton 20 
Elevator, 40' 20 
Side delivery rake, 7' 12 
Mower, 71 12 
Fertilizer 
spreader, 12' 6 
l8o 1,800 6.4 
220 2,200 6.4 
75 900 5.0 
150 1,800 5.0 
667 4,000 5.5 
667 4,000 5.5 
2.0 
2.0 
150 ' 1,800 7.0 
133 - 1,600 11.0 
200 1,200 5.0 
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Table 133. Machinery repair and depreciation costs per 
service unit and minimum annual depreciation 
by machines 
Machine 
Repairs Depreciation 
per per 
service unit service unit 
Minimum 
annual 
depreciation 
Tractor 
2-plow 
3-plow 
10.227 
0.288 
'$0.242 
0.309 
$202 
257 
Plow 
2-14 inches 
3-14 inches 
0.169 
0.188 
0.119 
0.131 
14 
23 
Tandem disk 
7' 
10' 
0.065 
0.067 
0.084 
0.086 
13 
18 
Spiketooth harrow 
20 '  
25' 
0.013 
0.013 
0.036 
0.036 
11 
14 
Corn planter 
2-row 
4-row 
0.096 
0.115 
0.240 
0.230 % 
Endgate seeder 0.020 0.035 7 
Rotary hoe 
2-row 
4-row 
0.067 
0.067 
0.133 
0.133 
10 
20 
Cultivator 
2-row 
4-row 
0.044 
0.043 
0.080 
0.081 
20 
47 
Haybaler 
14 x 18, motor 
14 x 18, PTO 
0.169 
0.145 
0.463 
0.399 
309 
266 
Combine 
6', motor 
7' PTO 
0.811 
0.6l4 
1.144 
0.864 
206 
190 
506 
Table 133. (Continued) 
Repairs Depreciation Minimum 
per per annual 
Machine service unit service unit depreciation 
Corn picker 
1-row, mount 
2-row, mount •" 
$0,840 
0.733 
$1,253 
1.107 
$ 94 
166 
Wagon, 6 ton 0.037 26 
Elevator, 40' 0.093 47 
Side delivery rake, 7' 0.207 0.220 33 
Mower, 7l  0.308 0.211 28 
Fertilizer 
spreader, 12' 0.095 0.285 57 
507 
Table 134. Estimated rent per acre of land mixtures in the 
Shelby-Grundy-Ha ig and Shelby-Seymour-Edina soil 
association areas 
Item 
Shelby-Grundy-Haig 
land mixtures 
Shelby-Seymour-Edina 
land mixtures 
Hilly Average Upland Hilly Average Upland 
Land 
price $72.07 $131.64 $222.09 $68.07 $125.85 $201.00 
Interest 
charge*5 3.20 5.84 9.86 3.02 5.59 8.92 
Tax 
charge 1.48 2.71 4.57 1.40 2.59 4.13 
Land 
rent 4.68 8.55 14.43 4.42 8.18 13.05 
Dwight M. Gadsby, Ames, Iowa. Farm land prices in 
selected Iowa counties during 1958 and 1959. Private com­
munication. 1959. 
^Interest rate of 4.44 per cent, adapted from Marcelle 
(49) .  
0Based on a survey of county treasures in the study 
area. Assessed values are 30 per cent of the land prices, 
and the tax rate is 68.54 mils per dollar of assessed value, 
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APPENDIX C: BASIC LINEAR PROGRAMMING DATA 
Table 135. Shelby-Grundy-Halg association soils, hilly 
farm: estimated average crop yields for 
selected rotations, efficiency levels, and 
fertilization rates3-
Rotation 
CCOMM 
COM 
COMM 
Efficiency levels 
Low Medium High 
and crop F F, F^ F, F F, 
^ O I 0 1 o 1 
c 31.7 41.3 33.6 44.4 36.2 48.1 
c 29.5 41.3 31.7 44.4 33.5 48.1 
0 22.2 30.0 23.8 32.2 25.4 34.7 
M 1.3 1.7 1.4 1.8 1.5 2.0 
M 1.3 1.7 „ 1.4 1.8 1.5 2.0 
C 31.7 41.3 33.6 44.4 36.2 48.1 
0 • 22.2 30.0 23.8 32.2 25.4 34.7 
M 1.3 1.7 1.4 1.8 1.5 2.0 
C 31.7 41.3 33.6 44.4 36.2 48.1 
0 22.2 30.0 23.8 32.2 25.4 34.7 
M 1.3 1.7 1.4 1.8 1.5 2.0 
M 1.3 1.7 1.4 ' 1.8 1.5 2.0 
^Adapted from (60). 
509 
Table 136. Shelby-Grundy-Haig association soils, average 
farm, cropland A and B: estimated average crop 
yields for selected rotations, efficiency 
levels and fertilization rates3- • 
Rotation 
Efficiency levels 
Low Medium High 
DP Po F1 Po F1 Fo F1 
Cropland A 
c 39.0 50.4 41.9 53.7 ' 45.1 58.3 
c 35.8 '49.4 38.1 52.7 -40.9 57.3 
0 26.9 32.1 28.3 34.9 31.1 37.2 
M 1.8 2.0 1.9 2.1 2.0 2.1 
c 39.0 50.4 . 41.9 53.7 45.1 58.3 
c 36.6 50.4 38.9 53.7 41.8 58.3 
0 26.9 32.1 28.3 34.9 31.1 37.2 
M 1.8 2.0 1.9 2.1 2.0 2.1 
M 1.8 2.0 1.9 2.1 2.0 2.1 
C 39.0 50.4 41.9 53.7 45.1 58.3 
0 26.9 32.1 28.3 34.9 31.1 37.2 
M 1.8 2.0. '1.9 2.1 2.0 2.1 
C 39.0 50.4 41.9 53.7 45.1 58.3 
0 26.9 32.1 28.3 34.9 31.1 37.2 
M 1.8 2.0 1.9 2.1 2.0 2.1 
M 1.8 2.0 1.9 2.1 2.0 2.1 
CCOM 
CCOMM 
COM 
COMM 
^Adapted from (60). 
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Table 136. (Continued) 
Efficiency levels 
Rotation ï£ïï «ÊffiS» Sigh 
and crop F^ F, F F, F Fn o 1 o 1 o 1 
CCOMM 
COM 
COMM 
Cropland B 
C 28.3 36.5 30.6 38.8 33.6 42.3 
C 26.1 36.5 28.1 38.8 30.4 42.3 
0 20.5 24.8 21.6 27.1 23.8 29.0 
M 1.1 1.4 1.2 1.5 1.3 1.6 
M .1.1 1.4 1.2 1.5 1.3 1.6 
C 28.3 36.5 30.6 38.8 33.6 42.3 
0 20.5 24.8 21.6 27.I 23.8 29.0 
M 1.1 1.4 1.2 1.5 1.3 1.6 
C 28.3 . 36.5 30.6 38.8 33.6 42.3 
0 20.5 24.8 21.6 27.1 23.8 29.0 
M 1.1 1.4 1.2 1.5 1.3 1.6 
M 
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Table 137. Shelby-Grundy-Halg association soils, upland 
farm: estimated average crop yields for 
selected rotations, efficiency levels and 
fertilization rates3-
Rotation 
and crop 
f Efficiency levels 
Low Medium High 
Po P1 Po F1 Fo P1 
CCSb 
C 22.7 50.8 24.6 54.7 26.6 59.3 
c 19.1 50.8 21.0 54.7 21.7 59.3 
Sb 21.0 22.6 22.6 24.6 24.6 25.6 
CSbCOM 
C 41.7 53.7 44.6 57.4 " 48.3 62.3 
Sb , 21.0 22.6 22.6 24.6 24.6 25.6 
C 38.1 52.7 40.7 56.4 43.7 61.3 
0 28.6 34.1 30.2 37.1 33.1 39.7 
M 1.9 2.1 2.1 2.3 2.2 2.5 
CCOM 
C 41.7 53.7 44.6 57.4 48.3 62.3 
C 38.1 52.7 40.7 56.4 43.7 61.3 
0 28.6 34.1 30.2 37.1 33.1 39.7 
M 1.9 2.1 2.1 2.3 2.2 2.5 
CCOMM 
C 41.7 53.7 44.6 57.4 48.3 62.3 
C 39.4 53.7 42.0 57.4 45.0 62.3 
0 28.6 34.1 30.2 37.1 33.1 39.7 
M 1.9 2.1 2.1 2.3 2.2 2.5 
M 1.9 2.1 2.1 2.3 2.2 2.5 
COM 
C 41.7 53.7 44.6 57.4 48.3 62.3 
0 28.6 34.1 30.2 37.1 33.1 39.7 
M 1.9 2.1 2.1 2.3 2.2 2.5 
COMM 
C 41.7 53.7 44.6 57.4 48.3 62.3 
0 28.6 34.1 30.2 37.1 33.1 39.7 
M 1.9 2.1 2.1 2.3 2.2 2.5 
M 1.9 2.1 2.1 2.3 2.2 2.5 
aAdapted from (6o). 
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Table 138. Shelby-Seymour-Edina association soils, hilly 
farm, cropland A and B: estimated average crop 
yields for selected rotations, efficiency 
levels and fertilization rates3-
Rotation 
Efficiency levels 
Low Medium High 
and crop F„ F, F^ F, F^ P, 
ol o 1 o 1 
CCSb 
CSbCOM 
CCOM 
CCOMM 
COM 
Cropland A 
c 27.1 49.0 29.0 53.0 31.0 57.0 
c 22.0 49.0 24.0 53.0 26.0 57.0 
Sb 21.0 22.0 22.0 23.O 24.0 25.0 
C 50.0 52.0 54.0 56.0 57.0 60.0 
Sb 21.0 22.0 22.0 23.0 24.0 25 .0 
C 45.0 51.0 49.0 55.0 52.0 59.0 
0 31.0 33.0 33.0 35.0 36.0 38.0 
M 2.1 2.3 2.3 2.5 2.4 2.7 
C 50.0 52.0 54.0 56.0 57.0 60.0 
C 45.0 51.0 49.0 55.0 52.0 59.0 
0 31.0 33.0 33.0 35.0 36.0 38.0 
M 2.1 2.3 2.3 2.5 2.4 2.7 
c 50.0 52.0 54.0 56.0 57.0 60.0 
c 47.0 52.0 51.0 56.0 55.0 60.0 
0 31.0 33.0 33.0 35.0 36.0 38.0 
M 2.1 2.3 2.3 2:5 2.4 2.7 
M 2.1 2.3 2.3 2.5 2.4 2.7 
C 50.0 52.0 54.0 56.0 57.0 60.0 
0 31.0 33.0 33.0 35.0 36.0 38.0 
M 2.1 2.3 2.3 • 2.5 - 2.4 2.7 
^Adapted from (60). 
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Table 138. (Continued) 
Efficiency levels 
Rotation 62Ï! M±™° SlSti 
and crop F F, F Fn F F, oi 01 o l 
com 
CCOMM 
COM 
com 
c 50.0 52.0 54.0 5&.0 57.0 60.0 
0 31.0 33.-0 33.0 35.0 36.0 38.0 
M 2.1 2.3 2.3 2.5 2.4 2.7 
M 2.1 . 2.3 2.3 2.5 2.4 2.7 
Cropland B 
C 30.6 42.5 33.1 45.6 36.1 49.1 
C 29.1 42.5 31.7 45 .6 33.7 49.1 
0 23.5 28.6 25.O 31.1 .  27.0 33.7 
M 1.3 1.7 1.4 1.8 1.6 1.9 
M 1.3 1.7 1.4 1.8 1.6 1.9 
C 30.6 42.5 33.1 45.6 36.1 49.1 
0 23.5 28.6 25.0 31.1 27.0 33.7 
M 1.3 1.7 1.4 1.8 1.6 1.9 
C 30.6 42.5 33.1 45.6 36.1 49.1 
0 23.5 28.6 25 .0 31.1 27.0 33.7 
M 1.3 1.7 1.4 1.8 1.6 1.9 
M 1.3 1.7 1.4 1.8 1.6 1.9 
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Table 139. Shelby-Seymour-Edina association soils, average 
farm: estimated average crop yields for 
selected rotations, efficiency levels and 
fertilization rates3-
Rotation 
and crop 
Efficiency levels 
Low Medium High 
Po F1 Fo ' Fl' , Fo F1 
CCSb 
c 18.3 44.7 19.9 48.4 20.9 51.9 
c 14.8 44.7 15.4 48.4 17.4 51.9 
Sb 18.1 19.8 19.7 21.8 20.7 23.7 
CSbCOM 
C 32.8 47.3 35.8 51.0 . 38.2 54.5 
Sb 18.1 19.8 19.7 21.8 20.7 23.7 
C 30.1 46.3 32.7 50.0 34.7 53.8 
0 25.4 30.9 27.4 33.4 29.0 36.4 
M 1.6 1.9 1.7 2.0 1.9 2.2 
CCOM 
C 32.8 47.3 35.8 51.0 38.2 54.5 
C . 30.1 46.3 32.7 50.0 34.7 53.8 
0 25.4 30.9 27.4 33.4 29.0 36.4 
M 1.6 1.9 1.7 2.0 ' 1.9 2.2 
CCOMM 
c 32.8 47.3 35.8 51.0 38.2 54.5 
c 31.2 47.3 33.8 51.0 35.8 54.5 
0 25.4 30.9 27.4 33.4 29.0 36.4 
M 1 . 6  1 . 9  1 . 7  2.0 1 . 9  2.2 
M 1 . 6  1 . 9  1 . 7  2.0 1 . 9  2.2 
COM 
C 32.8 4 7 . 3  35.8 5 1 . 0  38.2 54.5 
0 2 5 . 4  30.9 27.4 3 3 . 4  •  29.0 36.4 
M 1 . 6  1 . 9  1 . 7  2.0 1 . 9  2.2 
com 
C 32.8 4 7 . 3  35.8 5 1 . 0  38.2 54.5 
0 2 5 . 4  30.9 2 7 . 4  33.4 29.0 36.4 
M 1 . 6  1 . 9  1 . 7  2 . 0  1 . 9  2.2 
M 1 . 6  1 . 9  1 . 7  2.0 1 . 9  2.2 
^Adapted from (60). 
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Table l40. Shelby-Seymour-Edina association soils, upland 
farm, cropland A and B: estimated average crop 
yields for selected rotations, efficiency 
levels and fertilization rates3-
Rotation 
and crop 
Efficiency levels 
Low 
F, 
Medium 
F 
o 
F-, 
High 
F. Fn  
Cropland A 
CCSb 
CSbOOM 
CCOM 
CCOMM 
COM 
c 19.3 47.5 21.2 52.0 22.2 5 5 . 4  
c 15.9 47.5 16.8 5 2 . 0  18.8 5 5 . 4  
Sb 19.3 21.2 21.2 23.2 2 2 . 2  24.7 
C 35.1 5 0 . 4  38.6 54.9 40.5 58.3 
Sb 1.9.3 21.2 21.2 23.2 2 2 . 2  24.7 
C _ 32.2 4 9 . 4  35.1 53.9 37.1 5 7 . 4  
0 26.7 32.1 28.7 34.5 30.6 37.5 
M 1 . 6  1 . 9  1 . 7  - 2 . 0  1 . 9  2.2 
C 35.1 5 0 . 4  38.6 54.9 40.5 58.3 
C 32.2 49.4 35.1 53.9 37.1 57.4 
0 2 6 . 7  32.1 28.7 34.5 30.6 37.5 
M 1 . 6  '  1 . 9  1 . 7  2.0 1.9 2 . 2  
C 35.1 5 0 . 4  38.6 54.9 40.5 58.3 
c 33.0 5 0 . 4  36.0 54.9 . 38.0 58.3 
0 26.7 ' 32.1 28.7 34.5 30.6 37.5 
M 1 . 6  1 . 9  1 . 7  2.0 1 . 9  2 . 2  
M 1 . 6  1 . 9  1 . 7  .  2.0 1 . 9  .  2.2 
C 3 5 . 1  5 0 . 4  38.6 54.9 40.5 58.3 
0 26.7 3 2 . 1  2 8 . 7  34.5 30.6 37.5 
M 1 . 6  1 . 9  1 . 7  2 . 0  1 . 9  2 . 2  
^Adapted from (60). 
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Table 140. (Continued) 
Efficiency levels 
Rotation . i2ï Medium High 
and crop Fq FQ 
com 
CCOM 
CCOMM 
COM 
COMM 
c 35.1 5 0 . 4  38.6 54.9 4  0 . 5  58.3 
0 26.7 3 2 . 1  28.7 34.5 30.6 37.5 
M 1 . 6  1 . 9  1 . 7  2.0 1 . 9  2 . 2  
M 1 . 6  1 . 9  1 . 7  2.0 1 . 9  2.2 
Cropland B 
C 28.0 41.0 . 31.0 44.0 33.0 47.0 
C 26.0 40.0 28.0 43.0 30.0 4 7 . 0  
0 22.0 27.0 24.0 29.0 25.0 32.0 
M 1 . 4  1 . 7  1 . 5  1 . 7  1 . 6  1 . 9  
C 28.0 41.0 31.0 44.0 33.0 •  4 7 . 0  
C 26.0 4 i . o  28.0 4 4 . 0  30.0 47.0 
0 22.0 27.0 2 4 . 0  29.0 25.0 32.0 
M 1 . 4  1 . 7  1 . 5  1 . 7  1 . 6  1 . 9  
M 1 . 4  1 . 7  1 . 5  1 . 7  1 . 6  1 . 9  
C 28.0 '  4 i . o  31.0 44.0 33.0 4 7 . 0  
0 22.0 27.0 . 24.0 29.0 25.0 32.0 
M 1 . 4  1 . 7  1 . 5  1 . 7  1 . 6  1 . 9  
C 28.0 4 l . o  31.0 4 4 . 0  33.0 47.0 
0 22.0 27.0 24.0 29.0 25.0 32.0 
M 1 . 4  1 . 7  1 . 5  1 . 7  1 . 6  1 . 9  
M 1 . 4  1 . 7  1 . 5  1 . 7  1 . 6  1 . 9  
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Table l4l. Shelby-Grundy-Halg association soils, hilly 
farm: estimated requirements per acre for 
nitrogen, phosphorus and potassium for 
selected crop rotations3 
Rotation 
and crop Nitrogen Phosphorus Potassium 
(pounds ) (pounds ) (pounds ) 
CCOMM 
C 25 4l 25 
C 69 4l 25 
0 24 33 0 
M 0 18 7 
M O 18 7 
COM 
C 44 4l 25 
0 6 33 o 
M 0 18 7 
COMM 
C 25 4l 25 
0 . 0 ' 41 0 
M 0 33 7 
M 0 18 7 
A^dapted from (60). 
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Table 142. Shelby-Grundy-Haig association soils, average 
farm, cropland A and B: estimated requirements 
per acre of nitrogen, phosphorus and potassium3-
Rotation 
and crop 
Nitrogen 
(pounds) 
Phosphorus 
(pounds) 
Potassium 
(pounds) 
Cropland A 
CCOM 
C 
C 
0 
M 
23 Î1 
0 
27 
27 
26 
11 
11 
11 
0 
1 
CCOMM 
C 
C 
0 
M 
M 
20 
35 
25 
0 
0 
27 
27 
26 
11 
11 
11 
1.1 
0 
1 
1 
COM 
C 
0 
M 
23 
0 
0 
fe 
11 
11 
0 
1 
COMM 
C 
0 
M 
M 
20 
0 
0 
0 
26 
11 
11 
11 
1 
1. 
1 
Cropland B 
CCOMM 
C 
C 
0 
M 
M 
20 
62 
21 
0 
0 
39 
39 
32 
20 
20 
33 
33 
0 
16 
16 
A^dapted from (60). 
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Table 142. (Continued) 
Rotation Nitrogen Phosphorus Potassium 
and crop (pounds) (pounds) (pounds) 
COM 
com 
C 4l 39 33 
0 0 32 0 
M 0 20 16 
C 20 39 33 
0 0 32 0 
M 0 20 16 
M 0 20 16 
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Table 143. Shelby-Grundy-Haig association soils, upland 
farm: estimated requirements per acre of 
nitrogen, phosphorus and potassium for 
selected crop rotations8-
Rotation 
and crop 
Nitrogen 
(pounds) 
Phosphorus 
(pounds) 
Potassium 
(pounds) 
CCSb 
C 
C 
Sb 
63 
63 
o 
26 
26 
11 
11 
8 
0 
CSbCOM 
C 
Sb 
C 
0 
M 
21 
0 
43 
12 
0 
26 
11 
26 
25 
10 
11 
8 
11 
0 
0 
CCOM 
C 
0 
0 
M 
21 
43 
18 
0 
26 
26 
25 
10 
11 
11 
0 
0 
CCOMM 
C 
C 
0 
M 
M 
20 
30 
25 
0 
0 
26 
26 
25 
10 
10 
11 
11 
0 
0 
0 
COM 
C 
0 
M 
21 
0 
0 
26 
25 
10 
11 
0 
0 
com 
c 
o 
M 
M 
21 
0 
0 
0 
26 
25 
10 
10 
11 
0 
0 
0 
A^dapted from (60). 
521 
Table 144. Shelby-S eymour-Edina association soils, hilly 
farm, cropland A and B: estimated requirements 
per acre of nitrogen, phosphorus and potassium 
for selected rotations8-
Rotation 
and crop 
Nitrogen 
(pounds) 
CCSb 
C 
C 
Sb 
% 
0 
CSbCOM 
C 
Sb 
C 
0 
M 
20 
0 
45 
10 
0 
CCOM 
C 
0 
0 
M 
20 
45 
15 
o 
Phosphorus 
(pounds) 
Potassium 
(pounds) 
Cropland A 
10 
10 
0 
10 
10 
0 
10 
0 
10 
' 0 
10 
10 
0 
0 
10 
0 
10 
10 
0 
10 
0 
0 
10 
0 
CCOMM 
C 20 10 0 
C 30 10 0 
0 25 0 0 
M 0 10 0 
M 0 10 0 
COM 
C 20 10 0 
0 0 0 0 
M 0 10 0 
^Adapted from (60). 
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Table 144. (Continued) 
Rotation Nitrogen Phosphorus Potassium 
and crop (pounds) (pounds) (pounds 
com 
C- 20 10 0 
0 0 0 0 
M 0 10 0 
M 0 10 0 
Cropland B 
CCOMM 
C 20 37 26 
C 59 37 26 
0 20 32 0 
M 0 17 il 
M 0 17 11 
COM 
C 34 37 26 
0 0 32 0 
M 0 17 11 
com 
C 20 37 26 
0 0 32 0 
M 0 17 11 
M 0 17 11 
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Table 145. Shelby-Seymour-Edina association soils, average 
farm: estimated requirements per acre of 
nitrogen, phosphorus and potassium for selected 
crop rotations8-
Rotation Nitrogen Phosphorus Potassium 
and crop (pounds) (pounds) (pounds) 
CCSb 
C 81 31 12 
C • 85 31 12 
Sb 0 20 0 
CSbCOM 
* 
c 20 31' 12 
Sb 0 20 0 
C 61 31 12 
0 12 30 0 
M 0 11 2 
CCOM 
C 20 31 12 
C 6l 31 12 
0 20 30 0 
M . 0 11 2 
CCOMM 
c 20 31 12 
c 46 31 12 
-0 20 30 0 
M 0 11 2 
M 0 11 2 
COM 
c 20 31 12 . 
0 0 30 0 
M 0 11 2 
COMM 
C 20 31 12 
0 0 30 0 
M 0 11 2 
M 0 11 2 
aAdapted from (60). 
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Table 146. Shelby-Seymour-Edina association soils, upland 
farm, cropland A and.B: estimated requirements 
per acre for nitrogen, phosphorus and potassium 
for selected crop rotations3-
Rotation 
and crop 
Nitrogen 
(pounds) 
Phosphorus 
(pounds) 
Potassium 
(pounds) 
CCSb 
C 
C 
Sb 
80 
82 
0 
Cropland A 
30 
30 
20 
15 
15 
0 
CSbCOM 
C 
Sb 
C 
0 
M 
20 
0 
60 
19 
0 
30 
20 
30 
30 
10 
15 
0 
15 
0 
5 
CCOM 
C 
C 
0 
M 
20 
60 
20 
0 
30 
30 
30 
10 
15 
15 
0 
5 
CCOMM 
C 
C 
0 
M 
M 
20 
45 
20 
0 
0 
30 
30 
30 
10 
10 
15 
15 
0 
5 
5 
COM 
C 
0 
M 
20 
0 
0 
30 
30 
10 
15 
0 
5 
aAdapted from (60). 
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Table 146. (Continued) 
Rotation 
and crop 
Nitrogen 
(pounds) 
Phosphorus 
(pounds) 
Potassium 
(pounds) 
com 
CCOM 
CCOMM 
COM 
com 
c 20 30 15 
0 0 30 0 
M 0 10 5 
M 0 10 5 
Cropland B 
C 20 30 10 
C 60 30 10 
0 20 30 0 
M 0 10 0 
C 20 30 10 
c 45 30 10 
0 20 30 0 
M 0 10 0 
M 0 10 0 
C 20 . 30 10 
0 0 30 0 
M 0 10 0 
C 20 30 10 
0 0 30 0 
M 0 10 0 
M 0 10 0 
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Table 147. Estimated seed and insecticide costs per acre 
for selected crops at three efficiency levels3-
Efficiency level 
Crop Low Medium High 
Corn • $1.38 $1.84 $2.78 
Oats 1.97 1.99 . 1.99 
Soybeans 2.57 2.57 2.57 
Meadow 7.07 . 7.07 7.07 
^Adapted from (34). 
Table 148. Estimated machinery operation costs per acre for 
selected crops at two fertilization rates3-
Crop 
Fertilization 
Fo 
rate 
F1 
Corn following corn $5.171 $5.388 
Corn following soybeans 4.315 4.532 
Corn following meadow 4.315 4.532 
Soybeans following corn 4.912 5.129 
Oats following corn*3 2.816 3.033 
^Machinery operation costs include repair, lubrication, 
fuel and oil costs. 
All machinery operation costs for meadow except har­
vesting are included in the oats cost. Hay harvesting cost 
is allocated to the livestock activities. The harvesting 
cost for one acre of hay, three times over, is $8.788. 
Assuming a yield of 2 tons, the cost per ton is $4.389. 
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Table 149. Estimated annual interest rates used in cost 
calculations by type of loana 
Type of loan Annual interest rate 
(per cent) 
Real estate 4.4 
Feeder livestock operation 5.2 
Other livestock operation 5.8 
Current operating and 
living expenses 6.1 
Machinery 6.8 
Improvement of land and buildings 5.5 
^Adapted from (49). 
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Table 150. Estimated annual hours of labor per unit re­
quired for selected crop and livestock 
enterprises3-
Hours 
Enterprise Operator , 
and family Hired 
Corn following meadow, unfertilized 3.85 
Corn following meadow, fertilized 4.09 
Corn following soybeans, unfertilized 3.85 
Corn following soybeans, fertilized 4.09 
Corn following corn, unfertilized 4.65 
Corn following corn, fertilized 4.89 
Soybeans following corn, .unfertilized 4.34 
Soybeans following corn, fertilized . 4.58 
Oats following corn, unfertilized 2.31 
Oats following corn, fertilized 2.55 
Hogs, one litter 18.00 ' 
Hogs, two litters 39.16 
Beef cow, sell calf 14.44 5.02 
Beef cow, feed out calf 29.01 5.31 
Steer calves, drylot fed 19.61 1.42 
Steer calves, pasture fed 19.42 1.94 
Yearlings, long fed 23.04 2.53 
Yearlings, short fed 31.25 3.90 
^Estimates of livestock labor requirements adapted from 
Irwin (34). 
bHired labor is used only for hay harvesting. 
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Table 151. Percentage distribution of operator and family 
• labor requirements by monthly periods for 
selected crop and livestock enterprises3-
• December- September-
Enterprise January- March- May- July- October-
February April June August November 
Corn 0.4 17.1 44.4 4.8 33.3 
Soybeans 0.7 47.3 46.1 3.3 2.6 
Oats 9.4 65.8 18.8 6.0 0.0 
Hogs, one litter 22.8 15.8 19.5 17.4 • 24.5 
Hogs, two litter 
Low 
efficiency 21.7 18.5 19.9 14.4 25.5 
Medium 
efficiency 22.5 22.1 16.0 14.6 24.8 
High 
efficiency 26.2 19.9 14.4 17.1 22.4 
Beef cow, 
sell calf 21.6 11.9 18.9 33.3 14.3 
Beef cow, feed 
out calf 20.6 12.3 23.8 22.7 20.6 
Steer calf, 
drylot fed 16.4 12.9 29.3 29.0 12.4 
Steer calf, 
pasture fed 18.0 8.7 30.1 29.6 13.6 
Yearlings, 
long fed 30.1 20.1 23.3 8.2 18.2 
Yearlings, 
short fed 22.6 15.0 18.7 18.1 25.6 
aBased on Irwin (34). 
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Table 152. One litter- hog activity: estimated output, feed 
requirements, costs and income per unit for 
selected efficiency levels and a $1.00 corn 
price levela 
Efficiency level 
Low Medium High 
Farrowing date May May May 
Pigs weaned per unit 6.00 7.30 9.00 
Death loss after weaning .09 .10 .12 
Replacement gilts kept 1.08 1.08 1.08 
Pigs marketed per unit 4.83 6.12 7.80 
Selling weight, pigs (pounds) 240 240 240 
Pigs sold (total cwt.) 11.59 14.69 18.72 
Selling month, pigs Dec. Dec. Dec. 
Average selling price, . 
pigs ($/cwt.j 11.98 12.38 12.78 
Selling weight, sow (pounds) 350 350 350 
Selling month, sow July Sept. Aug. 
Selling price, sow ($/cwt.) ' 12.18 12.15 12.51 
Revenue, pigs (dollars) 138.85 181.86 239.24 
Revenue, sow (dollars) 46.04 45.93 47.29 
Manure credits (dollars) 4.25 5.18 6.39 
Total revenue (dollars) 189.14 232.97 292.92 
aFrom (34). 
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Table 152. (Continued) 
Item 
.Efficiency level 
Low Medium High 
33.61 40.51 58.67 
1.50 2.50 4.00 
5.88 5.88 5.88 
5.80 5.80 5.80 
.79 1.00 I.27 
3.71 4.70 5.99 
51.29 60.39 81.61 
Feed fed 
Corn equivalent (bushels) 101.48 106.85 114.39 
Supplement (cwt.) 6.201 7.474 10.825 
Hay (tons) 0 .018 .025 
Pasture days . , 25.498 29.380 37.440 
Annual cash expenses (dollars) 
Protein supplement 
Boar charge 
Power and machinery 
Shelter and equipment 
Hauling 
Veterinary, electricity and 
miscellaneous 
Total annual cash 
expenses (dollars) 
Capital investment (dollars) 
Gilt 35.70 36.12 37.23 
Equipment and housing 43.62 52.75 57.00 
Total capital 
investment (dollars) 79-32 88.87 94.23 
Interest charge (dollars) 
Annual cash expenses 3.13 3.68 4.98 
Capital investments 4.47 5--00 5.29 
Total interest charge (dollars) 7.60 8.68 10.27 
Housing depreciation cost 
(dollars) 3.19 3.19 3.19 
Total cost per unit (dollars) 62.08 72.26 75.07 
Net revenue per unit (dollars) 126.06 l60.71 197.85 
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Table 153. Two litter hog activity: estimated output, feed 
requirements, costs and net income per unit for 
selected efficiency levels and a $1.00 corn price 
level 
Efficiency level 
Item Low Medium High 
Farrowing date Apr .-
Oct. 
Mar.-
Sept. 
Feb.-
Aug. 
Pigs weaned per unit 12.0 14.6 18.0 
Death loss after weaning .18 .20 .23 
Replacement gilts kept 1.16 .83 .56 
Pigs marketed per unit 10.66 13.57 17.21 
Selling weight, pigs (pounds) 240 230 220 
Pigs sold (total cwt.) 25.58 31.21 37.86 
Selling months, pigs Nov.-
May 
Sept.-
Mar. 
July-
Jan. 
Average selling price, 
pigs ($/cwt.) 12.86 13.70 14.40 
Selling weight, sow (pounds) 350 4oo 450 
Selling months, sow July-
Jan. 
June-
Dec .-
Apr .-
Oct. 
Average selling price, 
sow ( $/cwt. ) 11.78 11.62 11.88 
Sow sold (total cwt.) 4.06 3.32 2.52 
Revenue, pigs (dollars) 328.96 427.58 545.18 
Revenue, sow (dollars) 47.83 38.58 29.94 
Manure credits (dollars) 8.51 9.94 11.73 
aFrom (34). 
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Table 153. (Continued) 
Item 
Efficiency level 
Low Medium High 
Total revenue (dollars) 
Feed requirements 
Corn equivalents (bushels) 
Supplement (cwt.) 
Hay (tons) 
Pasture days 
f 
Annual cash expense (dollars) 
Protein supplement 
Boar charge 
Power and machinery 
Shelter and equipment 
Hauling 
Veterinary, electricity 
and miscellaneous 
Total annual cash 
expense (dollars) 
Capital investment (dollars) 
Equipment and housing 
Breeding stock 
Total capital 
investment (dollars) 
Interest charge (dollars) 
Annual cash expenses 
Capital investments 
Total interest 
charge (dollars) 
Housing depreciation cost 
(dollars) 
Total cost per unit (dollars) 
Net revenue per unit (dollars) 
385.30 476.10 586.85 
206.916 
12.642 
0 
28.380 
208.714 
14.601 
.031 
31.300 
213.888 
20.237 
.054 
36.480 
68.52 
2.50 
9.36 
11.08 
1.75 
79.14 
4.50 
9.36 
1,3.42 
2.12 
109.68 
7.00 
9.36 
16.51 
2.61 
10.31 12.48 15.36 
103.52 121.02 160.52 
55.55 
36.04 
82.39 
39.00 . 
99.50 
. 42.57 
91.59 121.39 142.07 
6.31 
5.15 
7.38 
6.79 
9.79 
7.94 
11.46 14.17 17.73 
4.25 4.25 4.25 
119.23 139.44 182.50 
266.07 336.66 404.35 
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Table 154. Beef cow, sell calf activity: estimated output, 
feed requirements, costs and income per unit'for 
selected efficiency levels and a $1.00 corn price 
level3. 
Efficiency level 
Item Low Medium High 
Marketing month Oct. Oct. Oct. 
Market weight, calf (pounds) 4oo 415 430 
Calf crop (per cent) ,70 80 - 90 
Weight sold per unit (pounds) 
. Steer 
Hiefer 
Cow 
140.0 
93.3 
167 
166.0 
110.7 
175 
193.5 
129.0 
183 
Selling prices ($/cwt.) 
Steer 
Heifer 
Cow 
17.10 
15.16 
12.37 
17.10 
15.16 
12.37 
17.10 
15.16 
12.37 
Revenue (dollars) 
Steer 
Heifer 
Cow 
Manure credit 
Total revenue (dollars) 
23.94 
14.14 
20.66 
7.08 
65.82 
28.39 
16.78 
21.65 
7.08 
73.90 
33.08 
19.56 
22.64 
7.08 
82.36 
Feed requirements 
Corn equivalents (bushels) 
Supplement (pounds) 
Hay (tons) 
Pasture days 
0 
0 
2.0 
267 
0 
0 
2.0 
267 
0 
0 
2.0 
267 
aFrom (34). 
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Table 154. (Continued) 
« Efficiency level 
Item Low Medium High 
Annual cash expense (dollars) 
Protein supplement 
Power 
Shelter and equipment use 
Hay harvest 
Breeding cost 
Hauling 
Veterinary and miscellaneous 
Total annual cash 
expense (dollars) 
0 
1.77 
2.71 
8.78 
3.50 
1.47 
6.74 
24.97 
0 
1.77 
2.91 
8.78. 
5.20 
1.53 
6.74 
26.93 
0 
• 1.77 
3.20 
8.78 
7.00 
1.59 
6.74 
29.08 
Capital investment (dollars) 
Equipment and housing 
Breeding stock 
Total capital 
investment (dollars) 
31:80 
144.36 
176.16 
32.80 
151.53 
184.33 
34.24 
158.71 
192.95 
Interest charge (dollars) 
Annual cash expenses 
Capital investments 
Total interest 
charge (dollars) 
1.52 
10.12 
11.64 
i.64 
10.59 
12.23 
1.77 
11.09 
12.86 
Housing depreciation 
cost (dollars) 2.58 2.58 2.58 
Total cost per unit (dollars) 39.19 41,74 44.52 
Net revenue per unit (dollars) 26.63 32.16 37.84 
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Table 155. Beef cow, feed out calf activity: estimated 
output, feed requirements, costs and income per 
unit for selected efficiency levels and a $1.00 
corn price levela 
Item 
Efficiency level 
Low Medium High 
Marketing month 
Marketing weight, 
fat stock (pounds) 
Calf crop (per cent) 
Weight sold per unit (pounds) 
Steer 
Heifer 
Cow 
Selling price ($/cwt.) 
Steer 
Heifer 
Cow 
Revenue (dollars) 
Steer 
Heifer 
Cow 
Manure credit 
Total revenue (dollars) 
Feed requirements 
Corn equivalents (bushels) 
Supplement (pounds) 
Hay (tons) 
Pasture days 
Oct.. 
976 
70 
341.60 
227.73 
167 
17.61 
16.71 
12.37 
60.17 
38.06 
20.66 
10.39 
129.28 
33.13 
142.8 
2.56 
289.2 
Oct. . 
1027 
80 
410.80 
273.90 
175 
18.44 
17.54 
12.37 
75.75 
48.04 
21.65 
11.09 
156.53 
37.87 
163.2 
2.64 
292.3 
Oct. 
1078 
90 
485.10 
323.40 
183 
19.26 
18.36 
12.37 
93.45 
59.38 
22.64 
11.86 
187.33 
42.60 
183.6 
2.72 
295.5 
aFrom (34). 
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Table 155. (Continued) 
Efficiency level 
Low Medium High 
Annual cash expenses (dollars) 
5.65 6.47 Protein supplement 7.27 
Power 4.42 4.42 4.42 
Shelter and equipment use 7.50 7.50 7.50 
Hay harvest 11.24 11.59 11.94 
Breeding cost 3.50 5.20 7.00 
Hauling 2.97 3.12 3.28 
Veterinary and miscellaneous 9.00 9.00 9.00 
Total annual cash 
expense (dollars) 44.28 47.30 50.41 
Capital investment (dollars) 
64.53 67.54 Equipment and housing 59.37 
Breeding stock 144.36 151.53 158.71 
Feeder stock 38.08 45.17 52.64 
Total capital 
investment' (dollars) 241.81 261.23 278.89 
Interest charge (dollars) 
2.89 3.08 Annual cash expenses 2.70 
Capital investments 13.62 41.69 15.66 
Total interest 
charge (dollars) 16.32 17.58 18.74 
Housing depreciation 
4.12 4.12 4.12 cost (dollars) 
Total cost per unit (dollars) 64.72 69.00 73.27 
Net revenue per unit (dollars) 64.56 87.53 114.06 
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Table 156. Pasture calf feeding activity: estimated output, 
feed requirements, costs and income per unit for 
selected efficiency levels and a $1.00 corn price 
level3-
Efficiency level 
Low Medium High 
Oct. 
Oct. 
4oo 
976 
1.6 
36p 
3 
17.61 
171.92 
4.72 
176.64 
Oct. 
Oct. 
400 
1012 
1.7 
360 
3 
18.44 
186.61 
, 5 . 0 2  
191.63 
Oct. 
Oct. 
400 
1048 
1.8 
360 
3 
19.26 
201.90 
5.31 
207.21 
56.8 
244.8 
.96 
38.0 
56.8 
244.8 
.96 
38.0 
56.8 
244.8 
.96 
38.0 
Item 
Purchase month -
Market month 
Purchase weight (pounds) 
Market weight (pounds) 
i 
Average daily gain (pounds) 
Days on farm 
Death loss (per cent) 
Selling price ($/cwt.) 
Market revenue (dollars) 
Manure credit (dollars) 
Total revenue (dollars) 
Feed requirements 
Corn (bushels) 
Supplement (pounds) 
Hay (tons) 
Pasture days 
aFrom (34). 
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Table 156. (Continued) 
Efficiency level 
Item Low Medium High 
Annual'cash expenses (dollars) 
9.69 9.69 Protein 9.69 
Power and equipment 2.45 2.45 2.45 
Shelter and equipment use 3.24 3.24 3.24 
Hay harvest 4.23 4.23 4.23 
Hauling 3.58 3.67 3.76 
Death loss ; 2.05 2.05 2.05 
Miscellaneous 2.26 2.26 2.26 
Feeder stock 68.40 68.40 68.40 
Total annual cash 
expense (dollars) 95.90 95.99 96.08 
Capital investment (dollars) 
28.68 Equipment and buildings 20:55 25.72 
Total capital 
28.68 investment (dollars) 20.55 25.72 
Interest charge (dollars) 
5.24 Annual cash expenses 5.23 5.25 
Capital investment • 1.13 1.41 1.58 
Total interest 
charge (dollars) 6.36 6.65 6.83 
Housing depreciation 
cost (dollars) 1.03 1.03 1.03 
Total cost per unit (dollars) 103.29 103.67 103.94 
Net revenue per unit (dollars) 73.35 87.96 103.27 
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Table 157. Drylot calf feeding activity: estimated output, 
feed requirements, costs and income per unit for 
selected efficiency levels and a $1.00 corn price 
level8-
Efficiency level 
Item Low Medium High 
Purchase month Oct. Oct. Oct. 
Marketing month Sept. Sept. Sept. 
Purchase weight (pounds) 400 400 400 
Market weight (pounds) 978 1012 1046 
Average daily gain (pounds) 1.7 1.8 1.9 
Days on farm 340 340 340 
Death loss (per cent) 3 3 3 
Selling price ($/owt.) 17.74 18.57 19.39 
Market revenue (dollars) 173.55 187.93 202.87 
Manure credit (dollars) 4.74 5.02 ' 5.30 
Total revenue (dollars) 178.29 197.95 208.17 
Feed requirements 
Corn (bushels) 
Supplement (pounds) 
Hay (tons) 
Pasture days 
66.3 
287.6 
.70 
0 
66.3 
287.6 
.70 
0 
66.3 
287.6 
.70 
0 
aFrom (34). 
541 
Table 157'. (Continued) 
Efficiency level 
Item Low Medium High 
Annual cash expenses (dollars) 
- . 
Protein 11.39 11.39 11.39 
Power and equipment 2.45 2.45 2.45 
Equipment replacement 3.24 3.24 3.24 
Hay harvest 3.10 3.10 3.10 
Hauling 3.58 3.67 3.76 
Death loss » 2.05 •2.05 2.05 
Miscellaneous 2.26 2.26 2.26 
Feeder stock 68.40 68.40 68.40 
Total annual 
cash expense (dollars) 96.47 96.56 96.65 
Capital investment (dollars) 
25.65 Equipment and buildings . 30.07 33.05 
Total capital 
25.65 33.06 investment (dollars) 30.07 
Interest charge (dollars) 
5.28 Annual cash expenses 5.27 5.27 
Capital investments 1.4l 1.65 1.8-2 
Total interest 
charge (dollars) 6.68 6..92 . 7.10 
Housing depreciation 
cost (dollars) 1.54 1.54 1.54 
Total cost per unit (dollars) 104.69 105.02 105.29 
Net revenue per unit (dollars) 73.60 87.93 102.88 
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Table 158. Long fed yearling activity: estimated output, 
feed requirements, costs and income per unit 
for selected efficiency levels and a $1.00 corn 
price level3 
Efficiency level 
Item Low Medium High 
Purchase month Oct. Oct. Oct. 
Market month July July July 
Purchase weight (pounds) 650 650 650 
Market weight (pounds) 1082 1109 1136 
Average daily gain (pounds) 1.6 1.7 1.8 
Days on farm 270 270 270 
Death loss (per cent) 1.5 1.5 1.5 
Selling price ($/cwt.) 17.28 18.11 18.93 
Market revenue (dollars) 187.02 200.84 215.10 
Manure credit (dollars) 3.54 3.76 3.99 
Total revenue (dollars) 190.56 204.60 219.09 
Feed requirements 
Corn (bushels) 
« Supplement (pounds) 
Hay (tons) 
Pasture days 
54.2 
220.3 
1.26 
0 
54.2 
220.3 
1.26 
0 
54.2 
220.3 
1.26 
0 
aFrom (34). 
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Table 158. (Continued) 
Efficiency level 
Item 
- Low Medium High 
Annual cash expenses (dollars) 
8.72 8.72 Protein 8.72 
Power and equipment 2.30 2.30 2.30 
Equipment replacement 2.62 2.62 2.62 
Hay harvesting 5.53 5.53 5.53 
Hauling 4.45 4.56 4.64 
Death loss 1.53 1.53 1.53 
Miscellaneous 1.84 - 1.84 1.84 
Feeder stock 102.31 102.31 102.31 
Total annual 
cash expense (dollars) 129.33 129.41 129.49 
Capital investment (dollars) 
30.85 Equipment and buildings 30.85 30.85 
Total capital 
investment (dollars) 30.85 30.85 30.85 
Interest charge (dollars) 
Annual cash expense 6.97 6.97 6.98 
Capital investments 1.70 1.94 2.10 
Total interest 
charge (dollars) 8.67 8.91 9.08 
Housing depreciation 
2.06 cost (dollars) 2.06 2.06 
Total cost per unit (dollars) 140.06 140.38 140.63 
Net revenue per unit (dollars) 50.50 64.22 78.48 
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Table 159. Short fed yearlings activity: estimated output, 
feed requirements, costs and income per unit for 
a high efficiency level and a $1.00 corn price 
level8 
jtem Efficiency level 
High 
Purchase month Oct. - Apr. 
Market month Mar. - Sept. 
Purchase weight (pounds) 700 
Market weight (pounds) 1040 
Average daily gain (pounds) 2.0 
Days on farm 170 each 
Death loss (per cent) .75 each 
'Selling price ($/cwt.) 17.10 & 18.57 
Market revenue (dollars) 370.97 
Manure credit (dollars) 5.58 
Total revenue (dollars) 376.55 
Feed requirements 
Corn (bushels) 80.2 
Supplement (pounds) 326.4 
Hay (tons) 1.94 
Pasture days 0 
aFrom (34). 
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Table 159• (Continued) 
Item Efficiency level 
High 
Annual cash expenses (dollars) 
Protein 
Power and equipment 
Equipment replacement 
Hay harvesting 
Hauling 
Death loss 
Miscellaneous 
Feeder stock 
Total annual 
cash expense (dollars). 
Capital investment (dollars) 
Equipment- and buildings 
Total capital 
investment (dollars) 
Interest charges (dollars) 
Annual cash expense 
Capital investment 
Total interest 
charge (dollars) 
Housing depreciation 
cost (dollars) 
Total cost per unit (dollars) 
Net revenue per unit (dollars) 
12.93 
3.40 
3.68 
8.51 
9.05 
1.67 
2.72 
222.81 
264.77 
38.25 
38.25 
14.15 
1.70 
15.85 
2.06 
283.08 
93.47 
